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¢ Preface 


The third edition of Algebra: Introductory and Intermediate examines the funda- 
mental ideas of algebra. Recognizing that the basic principles of geometry are a 
necessary part of mathematics, we have also included a separate chapter on 
geometry (Chapter 3) and have integrated geometry topics, where appropriate, 
throughout the text. The text has been designed not only to meet the needs of the 
traditional college student but also to serve the needs of returning students 


whose mathematical proficiency may have declined during years away from 
formal education. 


In this new edition of Algebra: Introductory and Intermediate, we have continued 
to integrate the approaches suggested by AMATYC. Each chapter opens with a 
photo and a reference to a mathematical application within the chapter. At the 
end of each section, there are “Applying the Concepts” exercises that include 
writing, synthesis, critical thinking, and challenge problems. At the end of each 
chapter, there is a “Focus on Problem Solving” that introduces students to vari- 
ous problem-solving strategies. This is followed by “Projects and Group Activi- 
ties” that can be used for cooperative-learning activities. 
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NEW! Changes to This Edition 


New to this edition is the topic of graphing scatter diagrams. See Objective 4.1C 
in Chapter 4, Linear Functions and Inequalities in Two Variables. This objective 
reinforces the skill of graphing points in a rectangular coordinate system while 
providing interesting applications of the skill. 


In response to user requests, we have expanded the material on functions to 
include the mapping of functions and illustrations of function machines. See, for 
example, Section 2 of Chapter 4, Linear Functions and Inequalities in Two Vari- 
ables. This chapter also now includes graphing exercises that require critical 
thinking. See the exercises in Section 4.4. 


In Chapter 5, Systems of Linear Equations and Inequalities, the discussion of 
solutions of systems of equations has been expanded and improved. This devel- 
opment should lead to greater student understanding of dependent, inconsistent, 
and independent systems of equations. 


In Chapter 9, Rational Exponents and Radicals, nth roots are simplified by using 
perfect powers rather than by using prime factorization. Therefore, rather than 
rewriting the square root of 20 as the square root of 2? times 5, 20 is written as 
the product of 4 and 5; the cube root of 16 is rewritten as the cube root of 8 times 
2, not 24 and then 23 times 2. This approach better mirrors what the student is 
thinking mentally when simplifying radical expressions. 


A new chapter, Chapter R, Review of Introductory Algebra Topics, follows Chapter 
12 and was written specifically for this edition of Algebra: Introductory 
and Intermediate. This chapter provides a review of the main topics of first-year 
algebra. It can be used at any point in the course. For students who need more 
in-depth review of a topic, there are references within the chapter that refer them 
back to the expanded coverage within the text. 


Concept-based writing exercises have been added at the beginning of many of the 
objective-specific exercise sets. These exercises require a student to verbalize 
basic concepts presented in the lesson. These are concepts that the student must 


xi 


Xii 


Preface 


have an understanding of before attempting any exercises. For example, in 
Chapter 12, Exponential and Logarithmic Functions, the first exercise for Objec- 
tive 12.2A asks, “What is a common logarithm? How is the common logarithm of 
4z written?” 


Many of the exercise sets now include developmental exercises, the intent of 
which is to reinforce the concepts underlying the skills presented in the lesson. 
For example, in Chapter 10, Quadratic Equations, the exercises for the first 
section require students to write quadratic equations in standard form and 
then to name the values of a, b, and c prior to having them solve any quadratic 
equations. 


\ ‘ 


Throughout the text, data problems have been updated to reflect current data 
and trends. These application problems will demonstrate to students the variety 
of problems that require mathematical analysis. Instructors will find that many 
of these problems may lead to interesting class discussions. Besides the Index of 
Applications on the inside front cover, a chapter-by-chapter index of the variety 
of application problems can be found in the Table of Contents. This additional 
index highlights, in an easily accessible location, the importance and scope of the 
applications of mathematics. 


Another new feature of this edition is AIM for Success, which explains what is 
required of a student to be successful and how this text has been designed to 
foster student success. AIM for Success can be used as a lesson on the first 
day of class or as a project for students to complete to strengthen their study 
skills. There are suggestions for teaching this lesson in the Instructor's Resource 
Manual. 


Related to AIM for Success are Prep Tests, which occur at the beginning of each 
chapter. These tests focus on the particular prerequisite skills that will be used in 
the upcoming chapter. The answers to these questions can be found in the 
Answer Section along with a reference (except for Chapter 1) to the objective 
from which the question was taken. Students who miss a question are encour- 
aged to review the objective from which the question was taken. 


The Go Figure problem that follows the Prep Test is a puzzle problem designed to 
engage students in problem solving. 
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Chapter Opening 
Features 


Chapter 


NEW! Chapter Opener 


New, motivating chapter opener photos and cap- 
tions have been added, illustrating and referenc- 


ing specific applications from the chapter. 
AW ie 

The > at the bottom of the page lets stu- 
WEB 

dents know of additional on-line resources at 


math.college.hmco.com/students. 


Objective-Specific Approach 


The Statuary Hall in the Capitol Building in Washington, 0.C., Each chapter begins with a list of learning objec- 


pictured above, is a whispering gallery. Two people standing 


at what are called the foci of the elliptical ceiling can tives which form the framework for da complete 


whisper and yet hear each other even though they are a 
considerable distance apart. The whisper from one person is 


tected tthe person standing at the other focus. The learning system. The objectives are woven through- 
coabiaes cies eesbes = out the text (ie., Exercises, Prep Tests, Chapter 
Reviews, Chapter Tests, and Cumulative Reviews) 
as well as through the print and multimedia ancil- 
laries. This results in a seamless learning system 


delivered in one consistent voice. 
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Page 200 
Page 589 


NEW! Prep Test and Go Figure | aoe 
Prep Tests occur at the beginning of each chap- 
ter and test students on previously covered con- 
cepts that are required in the upcoming chapter. : ES .. Evaluate —2x + 5 forx=—3. 
Answers are provided in the Answer Section. 
Objective references are also provided if a stu- 
dent needs to review specific concepts. oR 4 Se eee 


The Go Figure problem that follows the Prep Test 
is a playful puzzle problem designed to engage 


students in problem solving. ae ; + Given 3x —4y = 12, find the value Beeehen 


rights reserved. 


[5] = 4and ® = 6 and y = x — 1, which of the following has the largest 


value? 


All 














rl @ bl @ 
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Aufmann Interactive 
Method (AIM) 





Section 9.4 / Equations Containing Radical Expressions 527 


VIDEO. 


suite 
(i foi: To solve application problems | nen > &, 
A right triangle contains one 90° angle. The side Hip, 

: A Oe, 
opposite the 90° angle is called the hypotenuse, The Leg Longs, 
other two sides are called legs. 

a: 


Teg 

Point of Interest Pythagoras, a Greek mathematician, discovered 

The fst krown proof of this that the square of the hypotenuse of a right triangle m 

theorem occurs in a Chinese is equal to the sum of the squares of the two legs. = 
a+b 


text, Arithmetic Classic, This is called the Pythagorean Theorem. 
which was first written 
around 600 B.C. 





An Interactive Approach 

Algebra: Introductory and Intermediate uses an 
interactive style that provides a student with an 
opportunity to try a skill as it is presented. Each 


La aS ee eo ee section is divided into objectives, and every objec- 
Biting oe neon Calico fe tas oe eedater tive contains one or more sets of matched-pair 
ladder reach when the bottom of the ladder tenth. 


is 8 ft from the building? Round to the 
nearest tenth, 


examples. The first example in each set is worked 
out; the second example, called “You Try It,” is for 
the student to work. By solving this You Try It, the 
student actively practices concepts as they are 
presented in the text. 















Strategy 
To find the distance, use the Pythagorean 

Theorem. The hypotenuse is the length of 

the ladder. One leg is the distance from the x 
bottom of the ladder to the base of the 

building. The distance along the building from 

the ground to the top of the ladder is the 

unknown leg. 


Your strategy There are complete, worked-out solutions to 
these examples in an appendix. By comparing 
their solutions to the solution in the appendix, 
students obtain immediate feedback on, and 


reinforcement of, the concept. 


































Solution Your solution 
e=ae+h? 
20? = 8 + b? 
400 = 64+ b? SECTION 9.4 
336 = b? 
see You Try It 3 
V336 = b 5 
18.3 =b Strategy To find the diagonal, use the 


Pythagorean Theorem. One leg is the 
length of the rectangle. The second 
leg is the width of the rectangle. The 
hypotenuse is the diagonal of the 
rectangle. 










The distance is 18.3 ft. 





Solution on p. S29 


Solution ce =a? +b? 
c? = (6)? + (33)? 

Page 527 2 

= 45 

(c2)' = (45)!2 

e=V45 

c~6.7 






The diagonal is 6.7 cm. 


Page S29 


NEVV! AIM for Success Student Preface 





This new student “how to use this book” preface ‘ Page xxv 
explains what is required of a student to be suc- 
cessful and how this text has been designed to AIM for Success 
foster student success, including the Aufmann Welcome to Algebra: Introductory and Intermediate. As you begin this course, we 
Interactive Method (AIM). A/M for Success can 3p G0 that copaies Ui clit hoe ext res Wor tis ook a a 
be used as a lesson on the first day of class or as Uniciheteane buble ec ee 
a project for students to complete to strengthen Motivation One of the most important keys to success is motivation, We can try to motivate 
their study skills. There are suggestions for ee 
teaching this lesson in the Instructor's Resource : to be motivated. Eight weeks into the term, it is harder to keep that motivation. 
Manual. 

: 

‘ 

xiv 
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Projects and Group Activities 317 


@ Focus on Problem Solving 









Solve an Easier Suppose you are in charge of your softball league, which consists of 15 teams. 
Problem You must devise a.schedule in which each team plays every other team once. 
How many games must be scheduled? 


To solve this problem, we will attempt an easier problem first. Suppose that your 
league contains only a small number of teams. For instance, if there were only 
. 1 team, you would schedule 0 games. If there were 2 teams, you would schedule 
| game. If there were 3 teams, you would schedule 3 games. The diagram at the 
left shows that 6 games must be scheduled when there are 4 teams in the league. 





2 
Team C 6 Team D 






























Here‘is a table of our results so far. (Remember that making a table is a strategy 
to be used in problem solving.) 


. Draw a diagram with 5 dots to represent the teams. Draw lines from each dot 
to a second dot, and determine the number of games required. 
2. What is the apparent pattern for the number of games required? 


3. Assuming that the pattern continues, how many games must be scheduled for 
the 15 teams of the original problem? 


After solving a problem, good problem solvers ask whether it is possible to solve 
the problem in a different manner. Here is a possible alternative method of solv- 
ing the scheduling problem. 





Begin with one of the 15 teams (say team A) and ask, “How many games must 
this team play?” Because there are 14 teams left to play, you must schedule 14 
games. Now move to team B. It is already scheduled to play team A, and it does 
not play itself, so there are 13 teams left for it to play. Consequently, you must 
schedule 14 + 13 games. 


4. Continue this reasoning for the remaining teams and determine the number 
of games that must be scheduled. Does this answer correspond to the answer 
you obtained using the first method? 


5. Visit www.sports.com to get lists of professional sports teams, divisions, ete. 
a Find the strategy used to create the schedule of your favorite team. 


€ Projects and Group Activities 


Using a Graphing A graphing calculator can be used to solve a system of equations. For this pro- 
Calculator to Solve a cedure to work on most calculators, it is necessary that the point of intersection 
System of Equations be on the screen. This means that you may have to experiment with Xmin, Xmax, 
& Ymin, and Ymax values until the graphs intersect on the screen. 
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Objective C 


Problem-Solving Strategies 


The text features a carefully developed approach 
to problem solving that emphasizes the importance 
of strategy when solving problems. Students are 
encouraged to develop their own strategies—to 
draw diagrams, to write out the solution steps in 
words—as part of their solution to a problem. In 
each case, model strategies are presented as 
guides for students to follow as they attempt the 
“You Try It” problem. Having students provide 
strategies is a natural way to incorporate writing 
into the math curriculum. 
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Problem Solving 


Focus on Problem Solving 


At the end of each chapter is a Focus on Problem 
Solving feature, which introduces the student to 
various successful problem-solving strategies. 
Strategies such as drawing a diagram, applying 
solutions to other problems, working backwards, 
inductive reasoning, and trial and error are some 
of the techniques that are demonstrated. 


128 Chapter 2 / First-Degree Equations and Inequalities 


2 a @ & 
To solve application problems ey = ca 


The tolerance of a component, or part, is the acceptable amount by which 
the component may vary from a given measurement. For example, the di- 
ameter of a piston may vary from the given measurement of 9 cm by 0.001 cm. 
This is written 9 em + 0.001 cm and is read “9 centimeters plus or minus 0.001 
centimeter.” The maximum diameter, or upper limit, of the piston is 
9 cm + 0.001 cm = 9.001 cm. The minimum diameter, or lower limit, is 
9 cm — 0.001 cm = 8.999 cm. 


The lower and upper limits of the diameter of the piston could also be found 
by solving the absolute value inequality jd — 9| = 0.001, where d is the diame- 
ter of the piston. 


ld — 9} = 0.001 
—0,001 =d—9 =0.001 
-0.001 +9=<d—9+9=0.001 +9 
8.999 =<d = 9.001 


The lower and upper limits of the diameter of the piston are 8.999 cm and 
9.001 cm. 


Tesi has prescubed’2 ee Sea —- Fi 


__ a patient. The lerance is 0.03 cc nthe Lae 1s jens 
oe a 
‘limits of the amount of medication to 


c * 
See 


oo eed 
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XV 


s In a recent year, 238 U.S, airports @ The total revenue for all football bowl games 

collected $1,100 million in passenger in 2000 was $158.3 million. (Source: San 

taxes. Of this amount, $88 million was spent Diego Union-Tribune, January 18, 2001). Of that 

on noise reduction. What percent of the amount, the Big Ten conference received 

passenger taxes collected was spent on noise ~ $22.45 million, What percent of the total revenue 

reduction? did the Big Ten conference receive? Round to the 
nearest tenth of a percent. 


Your strategy 


Strategy 

To find the percent, solve the basic percent 
equation using B = 1,100 million and 

A = 88 million. The percent is unknown. 


Solution 
P-B=A 
P(1100) = 
P(1100) __88 
1100-1100 
P = 0.08 


Your solution 


8% of the passenger taxes collected was spent 
on noise reduction. 


Solutions on p. S4_ 
‘ 
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32 
Real Data 
Real data examples and exercises, identified by 


» , ask students to analyze and solve problems 


2 


taken from actual situations. Students are often 
required to work with tables, graphs, and charts 
drawn from a variety of disciplines. 











Real Data and 
Applications 


Applications 


One way to motivate an interest in mathematics 
is through applications. Wherever appropriate, 
the last objective of a section presents applica- 
tions that require the student to use problem- 
solving strategies, along with the skills covered 
in that section, to solve practical problems. This 
carefully integrated applied approach generates 
student awareness of the value of algebra as a 
real-life tool. 


ved. 


pmpany. All rights 


on Mifflin Ce 


Applications are taken from many disciplines, 
including agriculture, business, carpentry, chemi- 
stry, construction, Earth science, education, manu- 
facturing, nutrition, real estate, and sociology. 
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Chapter 1 / Real Numbers and Variable Expressions 


190. At the close of the stock markets on May 9, 2001, the indexes were 


posted as shown below, along with the decreases for that day, shown 
ive numbers (Source: www.wsj.com). At what level were the 
s at the close of the day on May 8, 2001? 





Points at 
Market Clase 


- A survey asked 600 small business owners about the impact of 


the Internet on their businesses. The results are shown in the 
graph at the right. (Source: Infoworld by Dun & Bradstreet. 
Copyright © 2000 by Infoworld Media Group, Inc. Reproduced 
with permission of Infoworld Media Group, Inc. via Copyright * 
Clearance Center.) What percent of the owners responded that 
the Internet had helped business? 


Hurt 
business. 
6 


The table at the right shows the surplus or deficit, in billions 

of dollars, for the federal budget every fifth year from 1945 

to 1995 and every year from 1995 to 2000 (Source: U.S. 

Office of Management and Budget). The negative sign (—) 

indicates a deficit. 

a. Find the difference between the deficits in the years 1980 
and 1985. 

b. Calculate the difference between the surplus in 1960 and 
the deficit in 1955, 

c. How many times greater was the deficit in 1985 than in 
1975? Round to the nearest whole number. 

d. What was the average deficit, in millions of dollars, per 
quarter for the year 1970? 

e. Find the average surplus or deficit for the years 1995 
through 2000. Round to the nearest million. 


Federal Budget 
Surplus or Deficit 


APPLYING THE CONCEPTS 


193. 


194, 


xvi 





List the whole numbers between V8 and V90. 


17 45 


Use a calculator to determine the decimal representations of 597 95° 


2 Make a conjecture as to the decimal representation of 3. Does your 


99° 


conjecture work for a What about » 


Describe in your own words how to simplify a radical expression. 
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Student Pedagogy 


Icons 
VIDEO 





at each 





The & 

WEB +7 SSM 
objective head remind students of the many and 
varied additional resources available for each 
objective. 


Key Terms and Concepts 


Key terms, in bold, emphasize important terms. 
The key terms are also provided in a Glossary at 
the back of the text. 


Key concepts are presented in purple boxes in 
order to highlight these important concepts and 
to provide for easy reference. 


Objective A 


[TAKE NOTE | 


We suggest you read “To 
the Student” on page 
xxi. It provides an 
explanation of the 
organization of the 
chapters and lessons of 
this text, 


word that means “nothing,” 
as the symbol for zero in 

A.D. 150. It was not until the 
13th century, however, that 
Fibonacci introduced 0 to the 


Section 1.1/ Integers 3 


Integers 
wie 
To use inequality symbols with integers aa ® & Rp. 


TUTOR WEB 


It seems to be a human characteristic to put similar items in the same place. For 
instance, a biologist places similar animals in groups called phyla, and a geolo- 
gist divides the history of Earth into eras. 


Mathematicians likewise place objects with similar properties in sers and use 
braces to surround the objects in the set, which are called elements. The num- 
bers that we use to count elements, such as the number of people at a baseball 
game or the number of horses on a ranch, have similar characteristics. These 
numbers are the natural numbers. 


Natural numbers = [1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11,...] 





The natural numbers alone do not provide all the numbers that are useful in 
applications. For instance, a meteorologist needs numbers below zero and above 
zero, 


Integers = { 5,—4,-3,-2,-1, 0, 1, 2, 3, 4,5,...) 


Each integer can be shown on a number line. The graph of an integer is shown 
by placing a heavy dot on the number line directly above the number. The graph 
of —3 and that of 4 are shown on the number line at the left. 


The integers to the left of zero are negative integers. The integers lo the right of 
zero are positive integers. Zero is neither a positive nor a negative integer. 
Consider the sentences below. 

The quarterback threw the football and the receiver caught it. 

An accountant purchased a calculator and placed if in a briefcase. 
In the first sentence, it means football; in the second sentence, it means calcula- 
tor. In language, the word it can stand for many different objects. Similarly, i 


mathematics, a letter of the alphabet can be used to stand for a number. Such a 
letter is called a variable. Variables are used in the next definition. 
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Western world as a placeholder 
so that we could distinguish, 
for example, 45 from 405. 


Point of Interest 


These margin notes contain interesting sidelights 
about mathematics, its history, or its application. 


Definition of Inequality Symbols 


If aand bare two numbers and aiso the left of bon the number 
line, then ais less than b, This is written a < 5, 


lf aand b are two numbers and ais to the right of bon the number line, then ais greater 
than b. This is written a> b. 








Page 3 
Take Note 


These margin notes alert students to a point 
requiring special attention or are used to amplify 
the concepts under discussion. 


Annotated Examples 


Examples indicated by ®* use annotations in 
blue to explain what is happening in key steps of 
the complete, worked-out solutions. 


The formula for circumference uses the number 7, 
which is an irrational number: The value of 7 can be 
approximated by a fraction or by a decimal. 


The m key on a scientific calculator gives a closer approximation of 7 than 
3.14, Use a scientific calculator to find approximate values in calculations involv- 
ing 7. 


od, 


© Find the circumference of a circle with a diameter of 6 in. 


* The diameter of the circle is given. 
Use the circumference formula that 
m(6) involves the diameter, d = 6. 


Tr 


Calculator Note 


These margin notes provide suggestions for using 
a calculator in certain situations. 





67 © The exact circumference of the 
circle is Gz in. 


The 7 key on your calculator 

can be used to find decimal 

approximations for expressions > = 18.85 
that contain 7. To perform the 

calculation at the right, enter 

z)[=). The circumference is approximately 18.85 in 


* An approximate measure is found by 
using the a key on a calculator. 
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242 Chapter 4/ Linear Equations and Inequalities in Two Variables 


. The graph below shows how the amount of a, Qe 
gas in the tank of a car decreases as the car 3S 
is driven. Find the slope of the line. Write a 
sentence that states the meaning of the slope. 






(180, 6) 





0 100 200 +300 
Distance driven (in miles) 





23. The graph below shows the relationship 24, 
& between the distance and the time for the @ 
5000-meter run for the world record by Said 7 
Aouita in 1987. Find the slope of the line 
between.-the two points shown on the graph. 
Write a sentence that states the meaning of 
the slope. 


(12.97, 5000) 


APPLYING THE CONCEPTS 


(0, 0) i 


12.97 oe = 
Time (in minute 17. f(x) = x — log, (1 — x) 





0 


@ The American Nat 
for a wheelchair r: 


25. Does a ramp that 
ground meet the rg -2 


1 
re 
i 
Nu 
2 
tw 
zs 


26. Does a ramp that 
the ground meet t! 





20. f(x) =x + log; (2 — x) 
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4 


2 


S 


=4 [22.10 
2 


-4 





parsecs. (One parsec ~ 
a. Graph the equation. 


tence that describes 





@ a. Graph the equation. 


b, The point with coordinates (4, 49) is on the graph. Write a sentence 


The troposphere extends from Earth's sur- 
face to an elevation of about 11 km. The 
graph below shows the decrease in its tem- 
perature as altitude increases. Find the slope 
of the line. Write a sentence that states the 
meaning of the slope. 


Temperature (Celsius) 





Altitude (in kilometers) 


The graph below shows the relationship 
between the distance and the time for the 
10,000-meter run for the world record by 
Arturo Barrios in 1989. Find the slope of the 
line between the two points shown on the 
graph. Write a sentence that states the mean- 
ing of the slope. 


fag) Use a graphing calculator to graph the following. 


18. f(x) = — Hoe, x—-1 


21. f@) =x? = 10 In (x — 1) 


i 
& 
i 
5 
w 
& 





1.9 X 10!3 mil) 


a b. The point with coordinates (25.1, 2) is on the graph. Write a sen- 


the meaning of this ordered pair. 


| that describes the meaning of this ordered pair, 
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Projects and Group Activities 


x 


19. f&) = 5 — 2 log, (x + 1) 
y 
+ 
4 
2 
~ [illite 


22. fx) = 5 — 3 log, (x + 3) 





23. Astronomers use the distance modulus of a star as a method of determin- _M 
ing the star's distance from Earth. The formula is M =5 logs —5, where 4] ~ 
M is the distance modulus and s is the star’s distance from the Earth in 0 





10.15 | 20/25 





24. Without practice, the proficiency of a typist decreases. The equation  $ 
S = 60 — 7 In (¢ + 1), where S is the typing speed in words per minute and 
tis the number of months without typing, approximates this decrease. 


Exercises and Projects 


Exercises 


The exercise sets of Algebra: Introductory and 
Intermediate emphasize skill building, skill main- 
tenance, and applications. 


Concept-based writing or developmental exer- 
cises have been integrated with the exercise sets. 


Icons identify appropriate writing ea 


exercises. 


, data 





analysis 





Included in each exercise set is a section called 
Applying the Concepts, which presents exten- 
sions of topics, requires analysis, or offers chal- 
lenge problems. The writing exercises ask students 
to explain answers, write about a topic in the 
section, or research and report on a related topic. 
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© Projects and Group Activities 


Water Displacement 


When an object is placed in water, the object displaces an amount of water that 


is equal to the volume of the object. 


The Projects and Group Activities feature at the 
end of each chapter can be used as extra credit 
or for cooperative learning activities. The projects 
cover various aspects of mathematics, including 
the use of calculators, collecting data from the 
Internet, data analysis, and extended applications. 


Impany. All rights reserved. 


A sphere with a diameter of 4 in. is placed in‘a rectangular tank of water that 
is 6 in. long and 5 in. wide. How much does the water level rise? Round to the 
nearest hundredth. 

ieee) 
v= 377 * Use the formula for the volume of a sphere. 


V=52@)=25 ere 


3 ae 


1 if 
2 7!) =2 

Let x represent the amount of the rise in water level. The volume of the 
sphere will equal the volume displaced by the water. As shown at the left, 
this volume is the rectangular solid with width 5 in., length 6 in., and height 
x in. 


V = LWH © Use the formula for the volume of a rectangular solid, 


32 
ZG 7 = (6)(5)x © Substitute Es a for V,5 for W, and 6 for L. 


32 
* The exact height that the water will fill is 2 on 


* Use a calculator.to find an approximation, 
VA 


The water will rise approximately 1.12 in ‘ 


-— 30cm —>4 


20cm pte 


16 in. 


Figure 1 Figure 2 Figure 3 

1, A cylinder with a 2-centimeter radius and a height of 10 cm is submerged in 
a tank of water that is 20 em wide and 30 cm long (see Figure 1). How much 
does the water level rise? Round to the nearest hundredth. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


cea Sa | End of Chapter 


Key Words — An equation expresses the equality of two mathematical expressions. A solution * 





of an equation isa ber that, when substituted for the variable, results i . 
LE Coie horton eterna Chapter Summary 
(pp. 73, 74] s 
An inequality is an expression that contains the symbol >, <, =, or <. The solu- At the end of each chapter there pre Chapter 
ion s ‘an inequality is a set of rs, eac of which, w sti j i 
vor os biel Sita = cara le ee ae a Summary that includes Key Words and Essential 
A compound inequality is formed by joining two inequalities with a connective : Rules th at were covered in the chapte ie These 
word such as and or or. [p. 116] : = 2 A . 
The ae value of a number is its distance from zero on the number line. An : cha pter SLUGS provide a single pomt of ref- 
oe that contains an absolute value symbol is an absolute value equation. erence as the student prepares for a test. Each 
Essential Rules Addition Property of Equations [p. 74] Ifa =b, thena+c=b+e, : concept references the page number from the 
Spinal Property of Equations Ifa = bandc # 0, then ac = be. : lesson where the concept is introduced. 
p t 
Addition Property of Inequalities [p. 113] Ifa>b,thena+tc>b+c. 
Ifa <b, thena+c<b+e. 
Page 136 
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Chapter Review 


Review exercises are found at the end of each 
chapter. These exercises are selected to help @ Chapter Review 


Chapter Review 691 


the student integrate all of the topics presented 
in the chapter. 


1. Evaluate f(x) = e‘? at x = 2. . Write log, 25 = 2 in exponential form. 


3. Graph: f(x) = 3-* + 2 . Graph: f(x) = log; (x — 1) 





Page 693 
Chapter Test 


The Chapter Test exercises are designed to simu- 
late a possible test of the material in the chapter. 


Chapter Test 693 
& Chapter Test 


1. Evaluate f(x) = (2) atx = 0. . Evaluate f(x) = 3**! atx = —2. 


3., Graph: f(x) = 2* —3 . Graph: f(x) = 2* + 2 





Cumulative Review saaiee 
Cumulative Review exercises, which appear at 
the end of each chapter (beginning with Chap- Cumulative Review 695 
intai arned in 
ter 2), help students maintain skills le eT 
previous chapters. 
. . 1. Solve: 4 — 2[x — 3(2 — 3x) — 4x] = 2x . Find the SO: the line pete 

The answers to all Chapter Review exercises, all the point 2, ~2) and i parallel to the 
Chapter Test exercises, and all Cumulative 

ioe: Nie 
Review exercises are given in the Answer Sec- vex pica 

1 j . Factor: 42" + 7x" + 3 . Simplify: 
tion. Along with the answer, there is a reference ee ae 


to the objective that pertains to each exercise. 
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Instructor Resources 


Algebra: Introductory and Intermediate has a complete set of teaching aids for the 
instructor. 


Instructor's Annotated Edition This edition contains a replica of the student 
text and additional items just for the instructor. These include: Instructor Notes, 
Transparency Master icons, In-Class Examples, Concept Checks, Discuss the Con- 
cepts, New Vocabulary/Symbols, etc., Vocabulary/Symbols, etc. to Review, Optional 
Student Activities, Quick Quizzes, Answers to Writing Exercises, and Suggested 
Assignments. Answers to all exercises are also provided. 


Instructor's Resource Manual with Solutions Manual The Instructor's Resource 
Manual includes a lesson plan for the AIM for Success as well as suggested course 
sequences. The /nstructor’s Solutions Manual contains worked-out solutions for 
all exercises in the text. 


Printed Test Bank The Printed Test Bank provides a printout of one example of 
each of the algorithmic items in HM Testing. 


HM? Tutorial (Instructor version) This tutorial CD software package for 
Microsoft Windows® was written and developed by the authors specifically for 
use with this text. For each objective, exercises and quizzes are algorithmically 
generated, solution steps are animated, lessons and exercises are presented in a 
colorful, lively manner, and an integrated classroom management system tracks 
student performance. 


NEW! WebCT ePacks WebCT ePacks provide instructors with a flexible, Internet- 
based education platform providing multiple ways to present learning materials. 
The WebCT ePacks come with a full array of features to enrich the on-line learn- 
ing experience. 


NEW! Blackboard Cartridges The Houghton Mifflin Blackboard Cartridge 
allows flexible, efficient, and creative ways to present learning materials and 
opportunities. In addition to course management benefits, instructors may make 
use of an electronic grade book, receive papers from students enrolled in the 
course via the Internet, and track student use of the communication and collabo- 


ration functions. 


NEW! HM ClassPrep with HM Testing CD-ROM HM ClassPrep contains a 
multitude of text-specific resources for instructors to use to enhance the class- 
room experience. These resources can be easily accessed by chapter or resource 
type and can also link you to the text’s web site. HM Testing is our computerized 
test generator and contains a database of algorithmic test items as well as pro- 
viding on-line testing and gradebook functions. 


NEW! Instructor Text-Specific Web Site The resources available on the ClassPrep 
CD are also available on the instructor web site at math.college.hmco.com/ 
instructors. Appropriate items are password protected. Instructors also have 
access to the student part of the text's web site. 
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Student Resources 


Student Solutions Manual The Student Solutions Manual contains complete 
solutions to all odd-numbered exercises in the text. 


Math Study Skills Workbook by Paul D. Nolting This workbook is designed 
to reinforce skills and minimize frustration for students in any math class, lab, 
or study skills course. It offers a wealth of study tips and sound advice on note 
taking, time management, and reducing math anxiety. In addition, numerous 
opportunities for self assessment enable students to track their own progress. 


NEW! HM eduSpace_ eduSpace is a new content delivery system, combining an 
algorithmic tutorial program, on-line delivery of course materials, and class- 
room management functions. The interactive on-line content correlates directly 
to this text and can be accessed 24 hours a day. 


HM? Tutorial (Student version) This tutorial CD software package for 
Microsoft Windows® was written and developed by the authors specifically for 
use with this text. HM? is an interactive tutorial containing lessons, exercises, 
and quizzes for every section of the text. Lessons are presented in a colorful, 
lively manner, and solution steps are animated. Exercises and quizzes are algo- 


rithmically generated. Next to every objective head, the serves as a reminder 


that there is an HM? tutorial lesson corresponding to that objective. 


NEW! SMARTHINKING™ Live, On-line Tutoring Houghton Mifflin has 
partnered with SMARTHINKING to provide an easy-to-use and effective on-line 
tutorial service. Whiteboard Simulations and Practice Area promote real-time 
visual interaction. 


Three levels of service are offered. 


° Text-Specific Tutoring provides real-time, one-on-one instruction with a 
specially qualified “e-structor.” 


° Questions Any Time allows students to submit questions to the tutor out- 
side the scheduled hours and receive a reply within 24 hours. 


° Independent Study Resources connect students with around-the-clock 
access to additional educational services, including interactive web sites, 


diagnostic tests, and Frequently Asked Questions posed to SMARTHINK- 
ING e-structors. 


NEW! Videos and DVDs _ This edition offers brand new text-specific videos and 
DVDs, hosted by Dana Mosely, covering all sections of the text and providing a 


valuable resource for further instruction and review. Next to every objective 
VIDEO 


head, the 
DVD lesson. 


) serves as a reminder that the objective is covered in a video/ 





NEW! Student Text-Specific Web Site On-line student resources, such as section 
quizzes, can be found at this text’s web site at math.college.hmco.com/students. 
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Motivation 


TAKE NOTE 


Motivation alone will 
not lead to success. For 
instance, suppose a 
person who cannot swim 
is placed in a boat, 
taken out to the middle 
of a lake, and then 
thrown overboard. That 
person has a lot of 
motivation but there 

is a high likelihood the 
person will drown 
without some help. 
Motivation gives us the 
desire to learn but is not 
the same as learning. 


Commitment 


The “1 Can't Do 
Math” Syndrome 





AIM for Success 


Welcome to Algebra: Introductory and Intermediate. As you begin this course, we 
know two important facts: (1) We want you to succeed. (2) You want to succeed. 
To do that requires an effort from each of us. For the next few pages, we are 
going to show you what is required of you to achieve that success and how you 
can use the features of this text to be successful. 


One of the most important keys to success is motivation. We can try to motivate 
you by offering interesting or important ways mathematics can benefit you. But, 
in the end, the motivation must come from you. On the first day of class, it is easy 
to be motivated. Eight weeks into the term, it is harder to keep that motivation. 


To stay motivated, there must be outcomes from this course that are worth your 
time, money, and energy. List some reasons you are taking this course. Do not 
make a mental list—actually write them out. 











Although we hope that one of the reasons you listed was an interest in mathe- 
matics, we know that many of you are taking this course because it is required 
to graduate, it is a prerequisite for a course you must take, or because it is 
required for your major. Although you may not agree that this course is neces- 
sary, it is! If you are motivated to graduate or complete the requirements for your 
major, then use that motivation to succeed in this course. Do not become dis- 
tracted from your goal to complete your education! 


To be successful, you must make a commitment to succeed. This means devot- 
ing time to math so that you achieve a better understanding of the subject. 


List some activities (sports, hobbies, talents such as dance, art, or music) that 
you enjoy and at which you would like to become better. 
TIME WISHED SPENT 


ACTIVITY TIME SPENT 




















Thinking about these activities, put the number of hours that you spend each 
week practicing these activities next to the activity. Next to that number, indicate 
the number of hours per week you would like to spend on these activities. 


Whether you listed surfing or sailing, aerobics or restoring cars, or any other 
activity you enjoy, note how many hours a week you spend doing it. To succeed 
in math, you must be willing to commit the same amount of time. Success 


requires some sacrifice. 


There may be things you cannot do, such as lift a two-ton boulder. You can, how- 
ever, do math. It is much easier than lifting the two-ton boulder. When you first 


XXV 


XXVI 


AIM for Success 


Strategies for 
Success 


learned the activities you listed above, you probably could not do them well. 
With practice, you got better. With practice, you will be better at math. Stay 
focused, motivated, and committed to success. 


It is difficult for us to emphasize how important it is to overcome the “I Can't Do 
Math Syndrome.” If you listen to interviews of very successful atheletes after a par- 
ticularly bad performance, you will note that they focus on the positive aspect of 
what they did, not the negative. Sports psychologists encourage athletes to always 
be positive—to have a “Can Do” attitude. Develop this attitude toward math. 


Textbook Reconnaissance Right now, do a 15-minute .‘textbook reconnais- 
sance” of this book. Here’s how: 


First, read the table of contents. Do it in three minutes or less. Next, look through 
the entire book, page by page. Move quickly. Scan titles, look at pictures, notice 
diagrams. 


A textbook reconnaissance shows you where a course is going. It gives you the 
big picture. That’s useful because brains work best when going from the general 
to the specific. Getting the big picture before you start makes details easier to 
recall and understand later on. 


Your textbook reconnaissance will work even better if, as you scan, you look for 
ideas or topics that are interesting to you. List three facts, topics, or problems 
that you found interesting during your textbook reconnaissance. 

















The idea behind this technique is simple: It’s easier to work at learning material 
if you know it’s going to be useful to you. 


Not ali the topics in this book will be “interesting” to you. But that is true of any 
subject. Surfers find that on some days the waves are better than others, musi- 
cians find some music more appealing than other music, computer gamers find 
some computer games more interesting than others, car enthusiasts find some 
cars more exciting than others. Some car enthusiasts would rather have a com- 
pletely restored 1957 Chevrolet than a new Ferrari. 


Know the Course Requirements To do your best in this course, you must know 
exactly what your instructor requires. Course requirements may be stated in a 
syllabus, which is a printed outline of the main topics of the course, or they may 
be presented orally. When they are listed in a syllabus or on other printed pages, 
keep them in a safe place. When they are presented orally, make sure to take 
complete notes. In either case, it is important that you understand them com- 


pletely and follow them exactly. Be sure you know the answer to each of the fol- 
lowing questions. es 


1. What is your instructor’s name? 

Where is your instructor's office? 

At what times does your instructor hold office hours? 

Besides the textbook, what other materials does your instructor require? 
What is your instructor’s attendance policy? 


SPU a eee 


If you must be absent from a class meeting, what should you do before 
returning to class? What should you do when you return to class? 
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TAKE NOTE 
Besides time 
management, there 
must be realistic ideas 
of how much time is 
available. There are very 
few people who can 
successfully work full- 
time and go to school 
full-time. If you work 

40 hours a week, take 

15 units, spend the 
recommended study 
time given at the right, 
and sleep 8 hours a day, 
you will use over 80% of 
the available hours in a 
week. That leaves less © 
than 20% of the hours in 
a week for family, friends, 
eating, recreation, and 


_ other activities. 


AIM for Success XXVil 


Fi What is the instructor’s policy regarding collection or grading of homework 
assignments? 


8. What options are available if you are having difficulty with an assignment? 
Is there a math tutoring center? 


9. If there is a math lab at your school, where is it located? What hours is it open? 
10. What is the instructor's policy if you miss a quiz? 
11. What is the instructor's policy if you miss an exam? 
12. Where can you get help when studying for an exam? 


Remember: Your instructor wants to see you succeed. If you need help, ask! Do 
not fall behind. If you are running a race and fall behind by 100 yards, you may 
be able to catch up but it will require more effort than had you not fallen behind. 


Time Management We know that there are demands on your time. Family, 
work, friends, and entertainment all compete for your time. We do not want to 
see you receive poor job evaluations because you are studying math. However, it 
is also true that we do not want to see you receive poor math test scores because 
you devoted too much time to work. When several competing and important 
tasks require your time and energy, the only way to manage the stress of being 
successful at both is to manage your time efficiently. 


Instructors often advise students to spend twice the amount of time outside of 
class studying as they spend in the classroom. Time management is important if 
you are to accomplish this goal and succeed in school. The following activity is 
intended to help you structure your time more efficiently. 


List the name of each course you are taking this term, the number of class hours 
each course meets, and the number of hours you should spend studying each 
subject outside of class. Then fill in a weekly schedule like the one printed below. 
Begin by writing in the hours spent in your classes, the hours spent at work (if 
you have a job), and any other commitments that are not flexible with respect to 
the time that you do them. Then begin to write down commitments that are 
more flexible, including hours spent studying. Remember to reserve time for 
activities such as meals and exercise. You should also schedule free time. 





Thursday 


Friday Saturday Sunday is 


Wednesday 
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XXVvill AIM for Success 


Text Features That 
Promote Success 


We know that many of you must work. If that is the case, realize that working 
10 hours a week at a part-time job is equivalent to taking a three-unit class. If 
you must work, consider letting your education progress at a slower rate to allow 
you to be successful at both work and school. There is no rule that says you must 
finish school in a certain time frame. 


Schedule Study Time As we encouraged you to do by filling out the time man- 
agement form above, schedule a certain time to study. You should think of this 
time the way you would the time for work or class—that is, reasons for missing 
study time should be as compelling as reasons for missing work or class. “I just 
didn’t feel like it” is not a good reason to miss your scheduled study time. 


Although this may seem like an obvious exercise, list a few reasons you might 
want to study. 

















Of course we have no way of knowing the reasons you listed, but from our expe- 
rience one reason given quite frequently is “To pass the course.” There is nothing 
wrong with that reason. If that is the most important reason for you to study, 
then use it to stay focused. 


One method of keeping to a study schedule is to form a study group. Look for peo- 
ple who are committed to learning, who pay attention in class, and who are punc- 
tual. Ask them to join your group. Choose people with similar educational goals 
but different methods of learning. You can gain insight from seeing the material 
from a new perspective. Limit groups to four or five people; larger groups are 
unwieldy. 


There are many ways to conduct a study group. Begin with the following sug- 
gestions and see what works best for your group. 


1. Test each other by asking questions. Each group member might bring two or 
three sample test questions to each meeting. 


2. Practice teaching each other. Many of us who are teachers learned a lot about 
our subject when we had to explain it to someone else. 


3. Compare class notes. You might ask other students about material in your 
notes that is difficult for you to understand. 


4. Brainstorm test questions. 


5. Set an agenda for each meeting. Set approximate time limits for each agenda 
item and determine a quitting time. 


And finally, probably the most important aspect of studying is that it should be 
done in relatively small chunks. If you can only study three ‘hours a week for this 
course (probably not enough for most people), do it in blocks of one hour on 
three separate days, preferably after class. Three hours of studying on a Sunday 
is not as productive as three hours of paced study. 


There are 12 chapters in this text. Each chapter is divided into sections, and each 


section is subdivided into learning objectives. Each learning objective is labeled 
with a letter from A to G. 
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AIM for Success XXIxX 


Preparing for a Chapter Before you begin a new chapter, you should take 
some time to review previously learned skills. There are two ways to do this. The 
first is to complete the Cumulative Review, which occurs after every chapter 
(except Chapter 1). For instance, turn to page 325. The questions in this review 
are taken from the previous chapters. The answers for all these exercises can be 
found on page A16. Turn to that page now and locate the answers for the Chapter 5 
Cumulative Review. After the answer to the first exercise, which is —6V/10, you 
will see the objective reference [1.2F]. This means that this question was taken 
from Chapter 1, Section 2, Objective F. If you missed this question, you should 
return to that objective and restudy the material. 


A second way of preparing for a new chapter is to complete the Prep Test. This 
test focuses on the particular skills that will be required for the new chapter. Turn 
to page 274 to see a Prep Test. The answers for the Prep Test are the first set of 
answers in the answer section for a chapter. Turn to page A13 to see the answers 
for the Chapter 5 Prep Test. Note that an objective reference is given for each 
question. If you answer a question incorrectly, restudy the objective from which 
the question was taken. 


Before the class meeting in which your professor begins a new section, you 
should read each objective statement for that section. Next, browse through the 
objective material, being sure to note each word in bold type. These words indi- 
cate important concepts that you must know in order to learn the material. Do 
not worry about trying to understand all the material. Your professor is there to 
assist you with that endeavor. The purpose of browsing through the material is 
so that your brain will be prepared to accept and organize the new information 
when it is presented to you. 


Turn to page 3. Write down the title of the first objective in Section 1.1. Under 
the title of the objective, write down the words in the objective that are in bold 
print. It is not necessary for you to understand the meaning of these words. You 
are in this class to learn their meaning. 





























Math Is not a Spectator Sport To learn mathematics you must be an active 
participant. Listening and watching your professor do mathematics is not 
enough. Mathematics requires that you interact with the lesson you are studying. 
If you filled in the blanks above, you were being interactive. There are other ways 
this textbook has been designed to help you be an active learner. 


Annotated Examples An orange arrow indicates an example with explanatory 
remarks to the right of the work. Using paper and pencil, you should work along 


as you go through the example. 


XXX AIM for Success 


3x +2< —-4 

Oe <= 6) 

3X —6 

—————* < ————s 

SD ®) 

Mi 2 

The solution set is 
{x|x he 





m Solve: 3x + 2 < —4 


3x +2< -—4 


She <= —0) © Subtract 2 from each side of the inequality. 


SG ez) 
ae <a a 
3 3 


SE =D) 


© Divide each side of the inequality by the coefficient 3. 





The solution set is {x |x < —2}. 


Page 115 
When you complete the example, get a clean sheet of paper. Write down the 
problem and then try to complete the solution without referring to your notes or 
the book. When you can do that, move on to the next part of the objective. 


Leaf through the book now and write down the page numbers of two other 
occurrences of an arrowed example. 


You Try Its One of the key instructional features of this text is the paired exam- 
ples. Notice that in each example box, the example on the left is completely 
worked out and the “You Try It” example on the right is not. Study the worked- 
out example carefully by working through each step. Then work the You Try It. 
If you get stuck, refer to the page number at the end of the example, which 
directs you to the place where the You Try It is solved —a complete worked-out 
solution is provided. Try to use the given solution to get a hint for the step you 
are stuck on. Then try to complete your solution. 


Example 2 Solve: 1 You Try It 2 Solve: 
Bye — Ss) = Wee Fe i) Sie = 2 Se! Ge = 2) 


Solution 36 = 3 = 2 6 tl) Your solution 5x —-2=4-—3x+6 
Sie = 1) S38 = Cie = 2 bX —'2/== 10 3x 
Bye — byes il = (he og 2 = 10 
&x = 12 
&x 
& 


x 


b=3] 


Solution on p. S6 
Page 116 


When you have completed your solution, check your work against the solution 
we provided. (Turn to page S6 to see the solution of You Try It 2.) Be aware that 
frequently there is more than one way to solve a problem. Your answer, however, 
should be the same as the given answer. If you have any question as to whether 


your method will “always work,” check with your instructor or with someone in 
the math center. ; 


von 
iY 


Browse through the textbook and write down the page numbers where two other 
paired example features occur. 


Remember: Be an active participant in your learning process. When you are sitting 
in class watching and listening to an explanation, you may think that you under- 
stand. However, until you actually try to do it, you will have no confirmation of the 
new knowledge or skill. Most of us have had the experience of sitting in class think- 
ing we knew how to do something only to get home and realize that we didn't. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


r 
i 
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TAKE NOTE | 


ec 


_ There is a strong 


8 


connection between 
reading and being a 
successful student in ; 
math or any other subject. 
If you have difficulty 
reading, consider taking 
a reading course. Reading 
is much like other skills. 
There are certain things 
you can learn that will 
make you a better reader. 


hearognoocecennmearenntao cain eat 


sonconete 


| TAKE NOTE 
. If a rule has more than 
_ one part, be sure to make 


4 


' a notation to that effect. 


Multiplying each side of an 
equation by the same 
number (NOT O) will not 
change the solution. 


AIM for Success XXXI 


Word Problems Word problems are difficult because we must read the prob- 
lem, determine the quantity we must find, think of a method to do that, and then 


actually solve the problem. In short, we must formulate a strategy to solve the 
problem and then devise a solution. 


Note in the paired example below that part of every word problem is a strategy 
and part is a solution. The strategy is a written description of how we will solve 
the problem. In the corresponding You Try It, you are asked to formulate a strat- 
egy. Do not skip this step, and be sure to write it out. 


Example 7 

a In a recent year, 238 U.S. airports 
collected $1,100 million in passenger 

taxes. Of this amount, $88 million was spent 

on noise reduction. What percent of the 

passenger taxes collected was spent on noise 

reduction? 


Strategy 
To find the percent, solve the basic percent 
equation using B = 1,100 million and 


= You Try It 7 


3 The total revenue for all football bowl games 
in 2000 was $158.3 million. (Source: San 
Diego Union-Tribune, January 18, 2001). Of that 
amount, the Big Ten conference received 

$22.45 million. What percent of the total revenue 
did the Big Ten conference receive? Round to the 
nearest tenth of a percent. 


Your strategy 
Use the basic percent equation, P- B= A, with 
B = 158.3 million and A = 22.45 million. Solve 





A = 88 million. The percent is unknown. 


Tonics 


Your solution 
iP Near i 
P(158.3) = 2245 
P(158.3) 22.56 
1583 168.3 
P= 0142 


Solution 
P-B=A 
P(1100) = 88 
P(1100) 88 
1100 1100 
P= 0.08 
8% of the passenger taxes collected was spent 
on noise reduction. The Big Ten conference received approximately 
14.2% of the total revenue. 


Solutions on p. S4 


Page 78 


Rule Boxes Pay special attention to rules placed in boxes. These rules give you 
the reasons certain types of problems are solved the way they are. When you see 
a rule, try to rewrite the rule in your own words. 


Multiplication Property of Equations 
Each side of an equation can be multiplied by the same nonzero number without changing 


the solution of the equation. In symbols, if c # 0, then the equation a = bhas the same 
solutions as the equation ac = be. 





Page 75 


Chapter Exercises When you have completed studying an objective, do the 
exercises in the exercise set that correspond with that objective. The exercises are 
labeled with the same letter as the objective. Math is a subject that needs to be 
learned in small sections and practiced continually in order to be mastered. 
Doing all of the exercises in each exercise set will help you master the problem- 
solving techniques necessary for success. As you work through the exercises for 
an objective, check your answers to the odd-numbered exercises with those in 


the back of the book. 


XXXII AIM for Success 


Your career goal goes here 


Preparing for a Test There are important features of this text that can be used 
to prepare for a test. 


e Chapter Summary 
e Chapter Review 
e Chapter Test 


After completing a chapter, read the Chapter Summary. (See page 320 for the 
Chapter 5 Summary.) This summary highlights the important topics covered in 
the chapter. The page number following each topic refers you to the page in the 
text on which you can find more information about the concept. 


\ ‘ 


Following the Chapter Summary are a Chapter Review (see page 321) and a 
Chapter Test (see page 323). Doing the review exercises is an important way of 
testing your understanding of the chapter. The answer to each review exercise is 
given at the back of the book, along with its objective reference. After checking 
your answers, restudy any objective from which a question you missed was 
taken. It may be helpful to retry some of the exercises for that objective to rein- 
force your problem-solving techniques. 


The Chapter Test should be used to prepare for an exam. We suggest that you try 
the Chapter Test a few days before your actual exam. Take the test in a quiet 
place and try to complete the test in the same amount of time you will be allowed 
for your exam. When taking the Chapter Test, practice the strategies of success- 
ful test takers: (1) scan the entire test to get a feel for the questions; (2) read 
the directions carefully; (3) work the problems that are easiest for you first; and 
perhaps most importantly, (4) try to stay calm. 


When you have completed the Chapter Test, check your answers. If you missed 
a question, review the material in that objective and rework some of the exercises 
from that objective. This will strengthen your ability to perform the skills in that 
objective. 


Is it difficult to be successful? YES! Successful music groups, artists, profes- 
sional athletes, chefs, and have to work very hard to 
achieve their goals. They focus on their goals and ignore distractions. The things 
we ask you to do to achieve success take time and commitment. We are confi- 
dent that if you follow our suggestions, you will succeed. 
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Chapter 





Section 1.1 
A 
B 
e 
D 
E 
Section 1.2 
A 
B 
C 
D 
E 
F 
G 


Section 1.3 


A To use the Order of Operations Agreement 
to simplify expressions 


To use inequality symbols with integers 


To find the additive inverse and absolute 
value of a number 


To add or subtract integers 
To multiply or divide integers 
To solve application problems 


To write a rational number as a decimal 


To convert among percents, fractions, and 
decimals 


To add or subtract rational numbers 

To multiply or divide rational numbers 
To evaluate exponential expressions 

To simplify numerical radical expressions 
To solve application problems 


Section 1.4 


A To evaluate a variable expression 
To simplify a variable expression using the 
Properties of Addition 


B 

C To simplify a variable expression using the 
Properties of Multiplication 

D To simplify a variable expression using the 
Distributive Property 

£ To translate a verbal expression into a 
variable expression 


Section 1.5 


A. To write a set using the roster method 
B To write a set using set-builder notation 
C To graph an inequality on the number line 


ite Need help? For on-line student resources, such as section 
Ce quizzes, visit this textbook’s web site at 


ts math.college.hmco.com/students. 


Real Numbers and 
Variable Expressions 


LUDWIGSHAFEN EXPRESS 
HAMBURG 





Containers full of products to be shipped and sold in 
other countries are piled high onto huge cargo ships at 
ports around the United States. The depot at this port, 
near Newark, New Jersey, sees activity every day from 
trucks dropping off containers. The more goods a 
country exports, the better the likelihood of a favorable 
balance of trade. In order to avoid a trade deficit, a 
country needs to export more than it imports. The Project 
on pages 63-64 shows how to calculate a country’s 
balance of trade and determine whether it is favorable 
or unfavorable. 
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Objective A 





“TAKE NOTE | 


_ We suggest you read “To 
_ the Student” on page 

_ xxi. It provides an 

_ explanation of the 

| organization of the 

_ chapters and lessons of 
this text. | 


SSS SSS S35 

—-5-4-3-2-1012345 

SS 
Negative Positive 
integers Zero integers 


O, the first letter of the Greek 
word that means “nothing,” 

as the symbol for zero in 

A.D. 150. It was not until the 
13th century, however, that 
Fibonacci introduced 0 to the 
Western world as a placeholder 
so that we could distinguish, 
for example, 45 from 405. 


Section 1.1 / Integers 3 


Integers 


To use inequality symbols with integers 





It seems to be a human characteristic to put similar items in the same place. For 
instance, a biologist places similar animals in groups called phyla, and a geolo- 
gist divides the history of Earth into eras. 


Mathematicians likewise place objects with similar properties in sets and use 
braces to surround the objects in the set, which are called elements. The num- 
bers that we use to count elements, such as the number of people at a baseball 
game or the number of horses on a ranch, have similar characteristics. These 
numbers are the natural numbers. 


Natural numbers = {1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11,...} 


The natural numbers alone do not provide all the numbers that are useful in 
applications. For instance, a meteorologist needs numbers below zero and above 
Zero. 


Integers diss fe 5nS4 SB 2qo 10 ee, 34,5, <) 


Each integer can be shown on a number line. The graph of an integer is shown 
by placing a heavy dot on the number line directly above the number. The graph 
of —3 and that of 4 are shown on the number line at the left. 


The integers to the left of zero are negative integers. The integers to the right of 
zero are positive integers. Zero is neither a positive nor a negative integer. 


Consider the sentences below. 


The quarterback threw the football and the receiver caught it. 
An accountant purchased a calculator and placed it in a briefcase. 


In the first sentence, it means football; in the second sentence, it means calcula- 
tor. In language, the word it can stand for many different objects. Similarly, in 
mathematics, a letter of the alphabet can be used to stand for a number. Such a 
letter is called a variable. Variables are used in the next definition. 


Definition of Inequality Symbols 


If aand bare two numbers and ais to the left of b on the number 
line, then ais less than b. This is written a < b. 


lf a and b are two numbers and ais to the right of b on the number line, then ais greater 
than b. This is written a > b. 





There are also inequality symbols for less than or equal to (=) and greater 
than or equal to (=). For instance, 


6 < 6 because 6 = 6. Test5. because 15; 


It is convenient to use a variable to represent, or stand for, any one of the ele- 
ments of a set. For instance, the statement “x is an element of the set {0, 2, 4, 6}” 
means that x can be replaced by 0, 2, 4, or 6. The symbol for “is an element of” 
is €; the symbol for “is not an element of” is ¢. For example, 


2€{0,2,4,6} 6€(0,2,4,6}) 7€ (0,2, 4,6} 


4 Chapter 1 / Real Numbers and Variable Expressions 


eoeeceeree erro ee eeeoe ee © 
Be Strela Fey giro 0 CW) aka lolol ay aMOhe 0100 081.6 61 6.-WAeUSLe le ie Wee @ieke ‘ee 0 ale rerre: (o"e6lleleue, ‘a1 9.79.18 Sm. ¥heli@)el @um: ¢19/<e).S1e.eie \eeh ere eis: ::0il in aes eee 


Beimnple 1 You Try It 1 
Let x € {—6, —2, 0}. For which values of x Let y € {—5, —1, 5}. For which values of y is 
is the inequality x <= —2 a true statement? the inequality y > —1 a true statement? 
Solution Your solution 


Replace x by each element of the set and 
determine whether the inequality is true. 


x=-2 
-6<s -2 
2 a0 
. 0s —2 


Objective B 


(i 


—5=4—3=2-10 123 45 


| TAKE NOTE 

| The distance from 0 

| to 5is 5; |5| = 5. The 

| distance from 0 to —5 is 
| Bl 5] = 5. 
re = 








of absolute 
( have given in 


Saledretetical style.” That 
is, it is written without the use 
of variables. This is how all 
mathematics was written prior 
to the Renaissance. During that 
period, from the 14th to the 
16th century, the idea of 
expressing a variable 
symbolically was developed. 


eeoee sec eos eee eee ese seco ee 





Irie. —o — —2 : . 
Wroue. =2— =2 : 
False. 


The inequality is true for —6 and —2. 


Solution on p. S1 


To find the additive inverse and vino 
absolute value of a number é 





On the number line, the numbers 5 and —5 are the same distance from zero 
but on opposite sides of zero. The numbers 5 and —5 are called opposites or 
additive inverses of each other. (See the number line at the left.) 


The opposite (or additive inverse) of 5 is —5. The opposite of —5 is 5. The sym- 
bol for opposite is —. 


—(5) means the opposite of positive 5. =—(5) = —5 
—(—5) means the opposite of negative 5. —(—5) =5 


The absolute value of a number is its distance from zero on the number line. 


Absolute Value 


The absolute value of a positive number is the number itself. The absolute \9| = 
value of zero is zero. The absolute value of a negative number is the oppo- |o| = 0 
site of the negative number. |-7| = 
=> Evaluate: —|—12| 
=) i ¢ The absolute value sign does not affect the negative sign 


in front of the absolute value sign. 


Ce ee ee Ce Ce eC er ar rd 


Example 2 You Try It 2 

Let a € {—12, 0, 4}. Find the additive inverse of Let z € {—11, 0, 8}. Find the additive inverse of 
a and the absolute value of a for each element z and the absolute value of z for each element 
of the set. of the set. et 

Solution 


Your solution 


Replace a by each element of the set. 


—4 la| 
—(-12) = |—12| = 12 
= Oe 0 |o| = 0 
-(4)=-4 |4/=4 


Solution on p. S1 
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Whe 
2S @. 


To add or subtract integers , 
TUTOR WEB 





A number can be represented anywhere along the number line by an arrow. A 
positive number is represented by an arrow pointing to the right, and a negative 
number is represented by an arrow pointing to the left. The size of the number 
is represented by the length of the arrow. 


+5 _4 





-10-9 -8 -7 -6 -5 -4-3 -2-1 0 1 2 3 4 5 67 8 9 10 


Addition of integers can be shown on the number line. To add integers, start at 
zero and draw an arrow representing the first number. At the tip of the first 
arrow, draw a second arrow representing the second number. The sum is below 
the tip of the second arrow. 


CM Fk +4 #2 


7 36, =5=4,=3-=2>-1 50 1 2 3 4 35° 6 7 





—4+.(—2) ==6 -2 —4 








i, Sa ey yd a Le PE 


—A + 2 = —2 =A 








4+ (-2) =2 1 


Gasser) 8) aa Oe al YP 3 2 3 © TF 


The pattern for the addition of integers shown on the number line can be sum- 
marized in the following rule. 


Addition of Integers 


e Numbers with the same sign 
To add two numbers with the same sign, add the absolute values of the numbers. Then 


attach the sign of the addends. 


e Numbers with different signs 
To add two numbers with different signs, find the absolute value of each number. Then 
subtract the smaller of these numbers from the larger one. Attach the sign of the num- 
ber with the larger absolute value. 





=m Add: (—9) + 8 


|-9}=9 |8|=8 e The signs are different. Find the absolute value of each 
number. 

9-8=1 e Subtract the smaller number from the larger. 

(-9)+ 8=~—1 ¢ Attach the sign of the number with the larger absolute value. 


Because |—9| > |8|, use the sign of —9. 


6 


Chapter 1/ Real Numbers and Variable Expressions 


m Add; (—23) + 474 (—38) +5 
To add more than two numbers, add the first two numbers. Then add the sum 


to the third number. Continue until all the numbers are added. 


(—23) + 47 + (-18) +5 = 24 + (-18) +5 
=6+5 
=Ti 


Look at the two expressions below and note that each expression equals the same 
number. Lanes ck 


8 = 3 = 5 8 minus 3 is 5. 
8 (=—3) = 5 8 plus the opposite of 3 is 5. 


This example suggests that to subtract two numbers, we add the opposite of the 
second number to the first number. 


LIEStaieenl| SeCOnd |e first o the opposite of 
number number! | number the second number 
40 — 60 — 40 oe 





(—60) = =20 
—40 = 60 = -—40 + (—60) = —100 
—40 — (-60) = —40 tf 60 = 20 
40 = (=60) "= 40 + 60 = 100 


= Subtract: —21 — (—40) 
Change this sign to plus. 


2 le e-40 = 21 A= £9 ¢ Rewrite each subtraction as addition of the 
| i) opposite. Then add. 


Change —40 to the 
opposite of —40. 





=» Subtract: 15 — 51 


Change this sign to plus. 


15 — 51 =15 + (—51) = —36 ¢ Rewrite each subtraction as addition of the 


opposite. Then add. 


Change 51 to the . 
opposite of 51. , 


# Subtract: —12 — (—21) — 15 





ld — (—21) al = 12 ea ¢ Rewrite each subtraction as addition 
9 + (-15) of the opposite. Then add. 


= -6 
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Example 3 Add: (—52) + (—39) You Try!t3 Add: 100 + (—43) 
Solution The signs are the same. Add the Your solution 
absolute values of the numbers: 
52+ 39=91 


. Attach the sign of the addends: 
(=32) 5 (39)= =91 


ote 4 Add: 


he Try It 4 Add: 


BF (452) (© 2))ct (—7) (=—51) + 42 + 17 + (—102) 

Solution Bie aoe (21) + (7) Your solution 

= —15 + (—21).+ (-7) 

= — 36 44-7) 

ede 

‘aun 5 Subtract: —11 — 15 You Try It 5 Subtract: 19 — (—32) 
Solution ile to 1d 1) Your solution 
= —26 


Example 6 Subtract: 


andielelale! sete eatka) ea ele eithe\e se) 6 Sle el sie Ob} go) ie sled eee ae oe (0), 6S 'H 10 Jej8 1a © 616; 9 018 410580) Sie 6) Lee [a] eieieiecele ye 5.9) 0)10 


You Try It 6 Subtract: 


~14— 18 - (-21) -4 ~9 —(-12)-17-4 


Solution —14 — 18 — (-21) - 4 Your solution 
= —14 + (-18) + 21 + (-4) 


—32 + 21 + (-4) 


= -11 + (-4) 


=-15 


? 


Objective D To multiply or divide integers 


Point of Interest 
The cro ss X was first used as 


a symbol for 
1631 in a 





book titled The Key to 
Mathematics. Also in that year, 
another book, Practice of the 
Analytical Art, advocated the 
use of a dot to indicate 
multiplication. 


Solutions on p. SI 


G A 


Multiplication is the repeated addition of the same number. The product 3 x 5 
is shown on the number line below. 





5 5 5 
j_—<$<£—$_$— > | ——————_ ——___ : ; 
5 is added 3 times. 
pet tt tt tt ttt tH eee 
es ash oar seo 10-10) 12°13 14 43 365=54545=15 


To indicate multiplication, several different symbols are used. 
3x*5=15 3:5=15 (3)6) = 15 3(5) = 15 (3)5 = 15 


Note that when parentheses are used and there is no arithmetic operation sym- 
bol, the operation is multiplication. Each number in a product is called a factor. 
For instance, 3 and 5 are factors of the product 3-5= 15. 
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TAKE NOTE 
3(—5) is 3 times —5. 


Now consider the product of a positive and a negative number. 


—5 is added 3 times. 
OT 


3(—5) =a oyer ead) (3) rl 


¢ Multiplication is repeated addition. 


This suggests that the product of a positive number and a negative number is 


negative. Here are a few more examples. 


(—6)5 = —30 


4(—7) = —28 


To find the product of two negative 
numbers, look at the pattern at the 
right. As —5 multiplies a sequence of 
decreasing integers, the products 
increase by 5. 


The pattern can be continued by 


requiring that the product of two 
negative numbers be positive. 


Multiplication of Integers 


e Numbers with the same sign 
To multiply two numbers with the same sign, multiply the absolute values of the num- 


bers. The product is positive. 
e Numbers with different signs 


(-5)-7= -35 
en eae 
—5(3) = 15 
—5(2) = +10 
—5(1) = -5 
—5(0) = 0 
=5(S1 S35 
=o(=2) =10 
=O <3) =e 


To multiply two numbers with different signs, multiply the absolute values of the num- 


bers. The product is negative. 





»» Multiply: —2(5)(—7)(—4) 


S219) 7) 4) = 10(=7)(—4) 
= 70(-4) 
= —280 








¢ To multiply more than two numbers, multiply 
the first two. Then multiply the product by the 
third number. Continue until all the numbers 
are multiplied. 


For every division problem there is a related multiplication problem. 


e 
2 


Division 


=4 because 


A Dies 8 


Related multiplication 


This fact and the rules for multiplying integers can be used to illustrate the rules 
for dividing integers. 


Note in the following examples that the quotient of two numbers with the same 
sign is positive. 


ey 
.¥ 


2 = 2 
3 — 4 because 4-3 = 12 73 4 because 4; (G2) amal2 


The next two examples illustrate that the quotient of two numbers with different 
signs is negative. 


12 = (2 
= —4 because (—4)(—3) = 12 ae —4 because (—4) - 3 = -12 
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Enter 4 [=]0[=]on your 


calculator. You will get an error 
message. 
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Division of Integers 


* Numbers with the same sign 
To divide two numbers with the same sign, divide the absolute values of the numbers. 


The quotient is positive. 
* Numbers with different signs 


To divide two numbers with different signs, divide the absolute values of the numbers. 
The quotient is negative. 





> Simplify; -—=° 


7 
=—50 = 56 
£--(B)- con 
=2, 12 12 : , 
Note that a ae and <3 —4. This suggests the following rule. 


lf aand bare integers, and b # 0, then = = ae == 





PROPERTIES OF ZERO AND ONE IN DIVISION 


* Zero divided by any number other than zero is zero. 


a 0 because 0:a=0 For example, : = 0 because 0- 7 = 0. 
¢ Division by zero is not defined. 
To understand that division by zero is not permitted, suppose that were equal 
to n, where n is some number. Because each division problem has a 
related multiplication problem, . =n meansn - 0 = 4. Butn - 0 = 4 is impos- 
sible because any number times 0 is 0. Therefore, division by 0 is not defined. 


e Any number other than zero divided by itself is 1. 


= 8 
f= 1,a#0 For example,—— = |. 
a 18 
° Any number divided by one is the number. 
9 
: =a For example, Lie 9. 
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(eee 6) Mulupiyt ot c-5) 


Solution 12(—4)(—3)(—5) 

= (—48)(—3)(-5) 

= 144(-5) = —720 
eee ‘ : Rt ee zs ae ee Re ee 
Solution (—120) + (—8) = 15 


eoeee ene ecc eee eee eee ee eee neee reer eee eC eH eHneeeTeHeeerere 


coeoe 
GES sce clecslls eee nl eee) OL arora ota. alceeiaie 6 ecene ie! (S 91e- © 0) 678 eN Rae eRe ara ey Se 


i Try It 9 Divide: (—135) + (—9) 


Your solution ec 


oh & Ble 0 0x0 © 18.6 2 0 6 0 © 6 piave.0' = 00, 0 aa Sire Se ee OR @ wie 60) el 5) Le else Sen ee 


You Try It 10 


as S12 
Divide: = Divide: mor 
Ze : 
Solution = =—-19 Your solution 
Example 11 You Try It 11 
ide so nitder = 
ivide: ——3 DAS nro) 
4 =8! : 
Solution <a —(—27) = 27 Your solution 
Solutions on p. S1 
: Objective = To solve application problems ) ee i ps 








To solve an application problem, first read the problem carefully. The Strategy 
involves identifying the quantity to be found and planning the steps that are nec- 
essary to find that quantity. The Solution involves performing each operation 
stated in the Strategy and writing the answer. 


eee eee roe se eer eoeee sees eee essere eeeoeseeeeeseee eee eeee eos 


Example 12 

The average temperature on Mercury's sunlit 
side is 950°F. The average temperature on 
Mercury’s dark side is —346°F. Find the 
difference between these two average 
temperatures. 


Strategy 

To find the difference, subtract the average 
temperature on the dark side (—346) from the 
average temperature on the sunlit side (950). 


Solution 
950 — (—346) 


II 


950 + 346 


= 1296 
The difference between these average 
temperatures is 1296°F. 


eee e eee eee ese eee ee eee oes eee eee sees eee seers eeeeeeeeeee 


You Try It 12 

The daily low temperatures (in degrees 
Celsius) during one week were recorded as 
follows;=0°% = 70), O° e = 5° Sor ate ele 
Find the average daily low temperature. 


Your strategy 


Your solution 


Solution on p. S1 
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1.1 Exercises onan 
TAKE NOTE 

Objective A “To the Student” on 

_ page xxi discusses the 
exercise sets in this 


Place the correct symbol, < or >, between the two numbers. textbook. 
5 
1 ce aies me 2. —14 16 3. -—12 1 4. 35 28 ae 19 
6. —42 27 Tay 0 —31 8. —17 0 9. 53 —46 10. —27 —39 


Answer true or false. 


Pe 13.0 Ieee AU Beg) 15 1227731 145 9>7 13S 2 


Vom 440. 7 le “17, —4 > =120 1820 3 19.9-- 1 30 20. —10> -88 


218 Let x © {—23, —18, —8, 0}? For which 22. Let w € {—33, —24, —10, 0}. For which val- 
values of x is the inequality x < —8 a true ues of w is the inequality w < —10 a true 
statement? statement? 


23. Let a € {—33, —15, 21, 37}. For which val- 24. Let v € {-27, —14, 14, 27}. For which val- 
ues of a is the inequality a > —10 a true ues of v is the inequality v > —15 a true 
statement? statement? 


25. Let n © {-23, —1, 0, 4, 29}. For which 26. Let m € {—33, —11, 0, 12, 45}. For which val- 
values of m is the inequality —6 > n a true ues of m is the inequality —15 > m a true 
statement? statement? 


Objective B 


Find the additive inverse. 


27. 4 28. 8 29. -9 30. -—12 31. -—28 32. —36 
Evaluate. 

33. —(-14) 34. —(-—40) 35. —(77) 36. —(39) 37. —(0) 38. —(-13) 
39. |-74| 40. |—96| 41. —|-82| 42. —|—53| 43. —|81| 44, —|38| 
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Place the correct symbol, < or >, between the values of the two numbers. 











45. |-83| [58 46. |22| |-19| 47. |43|  |-52| 4s. |-71|  |-92! 


49. |-68|  |-42| 50. (12)  |-31] 51. |-45] |-61 52. |-28| [43] 


53. Let p € {-19, 0, 28}. Evaluate —p for each 54. Let g € {-34, 0, 31}. Evaluate —q for each 
element of the set. element of the set..°\ * 


55. Let x € {—45, 0, 17}. Evaluate —|x| for each 56. Let y € {—91, 0, 48}. Evaluate —|y| for each 
element of the set. element of the set. 


a. Explain the rule for adding two integers with the same sign. 
b. Explain the rule for adding two integers with different signs. 


Explain how to rewrite the subtraction 8 — (—6) as addition of the opposite. 


Add or subtract. 


59.3 (8) 60. —6 +'(-9) Gly =8 3 O20 ort 
63.8 =3 + (80) 643) = 12: 7-1) 6559231 (S23) 66. 9(= 12 + (12) 
67. 164 (16) 685 1717 69. 48 + (—53) ROS 194741) 


Tle ie —3) + 29 72. 13 +62 4(—38) 73. =3 + (= 8) 2 4s ee ees 


73. 16> 8 LOD es 12g Lido ls ele 18. 619 
(hh) et hee #4 80. -9-4 SI i= (Ge) 82. 3& (—4) 
835 =6 4 =3) 84. —4-— (-2) 85.9.6 = (--f2) 86. 12 16 
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Siren! 35 22y a= 5) AS =U] 3) (a) 

BO 16 + (17) + (18) +10 OOM 25ers tn 4s 19 

lel ets ee CoA ya (12) O22 40 (8) Gel) 

Same ta 15) tt) 40 Ga glo) (8) 

65.) -4—3-2 Ye Zeal 7 2 eee 

ogee 10, 3) — (= 15) S919 — (—19) 18 100, 8-8) — 14 

101.. -17 — (-8) — (-9) OG), 9 ae 103. —30 —(—65) — 29-4 
{04. -42.— (—82)- 65-7 105. —16 — 47= 63 — 12 106. 42 — (—30) — 65 — (-11) 





$07, 0 4 GD alse 1S 108. —18 — 49 — (-84)- 27 109. 1 Oy eee (SO) men 2 


BO, 40 19 29 $251 C11 5921 Sets) 143-12 Pile (AT 1a) 


Objective D 


113. Describe the rules for multiplying two integers. 


(114. Name the operation in each expression. Justify your answer. 
a. 8(—7) bo] 7 co8—-7) d. —xy enx(—y) {22 = ¥ 
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Multiply or divide. 


115. 


121. 


127. 


132. 


137. 


142. 


147. 


152: 


157; 


161. 


165. 


169. 


173: 


(14)3 116. 
-11(23) 122. 
12+(-6) 128. 
(-56)+8 133. 
= 138. 
ee 143. 
5 
O0+(-9) 148. 
(-21)+0 153. 
ZO) 3) 
16(—3)5 
38) 9) 


Ta? )(3)G-6) 


7(9)(-11)4 


Chapter 1/ Real Numbers and Variable Expressions 


i7\omen 11730027 = J18. =8- 7.0119. (ai2)Gsyi1205 Ga) 
48(21) 123. (£17)14 124. (215)12°%125. 619) e12628 17 12) 
18+(-3) 129. (-72)+(-9) 130. (-64) =(-8) 131. -42 +6 
(-144) +12 134. (—93) +(—3) 135. 48 + (-8) 136. 57 + (-3) 
a 144, -= 145, -= 146. aS 
of@N4) 149, S82 Bi 1517 920 

9 4 
AS 154. = 155. 156. = 
158. (—3)(—2)8 159. 9(-7)(—4) 160. (—2)(6)(—4) 
162. 20(—4)3 163. —4(—3)8 164.. —5(—9)6 
166. —7(—6)(—5) 167. (—9)7(5) 168. (—8)7(10) 
170. (—3)7(—2)8 171. —9(—4)(—8)(-10) tart ~11(—3)(—5)(—2) 
174, —12(-4)7(-2) 175. (-14)9(-11)0 176. (—13)(15)(—19)0 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Objective E 


180. 


183. 


The table at the right shows the boiling point and the melting point 
in degrees Celsius of three chemical elements. Use this table for 
Exercises 180 and 181. 


Application Problems 


The elevation, or height, of places on Earth is measured in relation to sea level, 
or the average level of the ocean’s surface. The table below shows height above 
sea level as a positive number and depth below sea level as a negative number. 
Use the table for Exercises 177 to 179. 





onteae Highest Elevation Lowest Elevation 
(in meters) (in meters) 





Find the difference in elevation between Mt. Aconcagua and Death 
Valley. 


What is the difference in elevation between Mt. Kilimanjaro and 
the Qattara Depression? 


For which continent shown is the difference between the highest and 
lowest elevations greatest? 


Find the difference between the boiling point and the melt- 
ing point of mercury. 


Find the difference between the boiling point and the melting point 
of xenon. 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 5 points for a correct answer, —2 points for an incorrect answer, 
and 0 points for leaving the question blank. What is the score for a stu- 
dent who had 20 correct answers, had 13 incorrect answers, and left 


7 questions blank? 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 7 points for a correct answer, —3 points for an incorrect answer, 
and —1 point for leaving the question blank. What is the score for a stu- 
dent who had 17 correct answers, had 8 incorrect answers, and left 


2 questions blank? 
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Chemical Boiling Melting 
Element Point Point 





16 


Chapter 1 / Real Numbers and Variable Expressions 


The table at the right shows the average temperatures at different 
cruising altitudes for airplanes. Use the table for Exercises 184 to 


186. 


184. 


What is the difference between the average temperatures at 
12,000 ft and at 40,000 ft? 


What is the difference between the average temperatures at 
40,000 ft and at 50,000 ft? 


How much colder is the average temperature at 30,000 ft 
than at 20,000 ft? 


Average 


Cruising Altitude 


12,000 ft 
20,000 ft 
30,000 ft 
40,000 ft 
50,000 ft 





A meteorologist may report a wind-chill temperature. This is the equivalent 
temperature, including the effects of wind and temperature, that a person 
would feel in calm air conditions. The table below gives the wind-chill tempera- 
ture for various wind speeds and temperatures. For instance, when the tem- 
perature is 5°F and the wind is blowing at 15 mph, the wind-chill temperature 
is —25°F. Use this table for Exercises 187 and 188. 


188. 








Wind-Chill Factors 


Thermometer Reading (degrees Fahrenheit) 


ene se tous 28 3 os 


ee ee 


ee a RE es 





When the thermometer reading is —5°F, what is the difference between 
the wind-chill factor when the wind is blowing 10 mph and when the 


wind is blowing 30 mph? 


When the thermometer reading is —20°F, what is the difference between 
the wind-chill factor when the wind is blowing 15 mph and when the 


wind is blowing 25 mph? 


APPLYING THE CONCEPTS 


@y 189. 


190. 


If —4x equals a positive integer, is x a positive or a negative integer? 


Explain your answer. 


Is the difference between two integers always smaller than either of the 
integers? If not, give an example for which the difference between two 


integers is greater than either integer. 


_Temperature 
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Point of Interest 


As early as A.D. 630, the Hindu 
mathematician Brahmagupta 
wrote a fraction as one number 
over another separated by 

a space. The Arab 
mathematician al Hassar 
(around A.D. 1050) was the first 
to show a fraction with the 
horizontal bar separating the 
numerator and denominator. 


Point of Interest 


_ Simon Stevin (1548-1620) was 


the first to name decimal 
numbers. He wrote the number 
2.345 aS 2031425 3.He 
called the whole number 

part the commencement, the 
tenths digit was prime, the 
hundredths digit was second, 
the thousandths digit was 
third, and so on. 
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Rational and Irrational Numbers 





; 2 VIDEQa, Gi CF, . 
To write a rational number as a decimal @= a) © ~)° 
——=) TUTOR WEB oo 


A rational number is the quotient of two integers. A rational number written in 


this way is commonly called a fraction. Here are some examples of rational 
numbers. 


Weiss 5 
—4 Y! 6 


Rational Numbers 


‘ : : a : 
A rational number is a number that can be written in the form —, where a and Dare inte- 





gers and b+ 0. b 


Because an integer can be written as the quotient of the integer and 1, every inte- 
ger is a rational number. For instance, 


bor be si 
¥ 


A number written in decimal notation is also a rational number. 


43 
0.043 = 777, 


Wee 
aS wt 1000 


10 forty-three thousandths 


three-tenths 


A rational number written as a fraction can be written in decimal notation. 


; é 4 3 
Write 2 as a decimal. Write 7 asa decimal. 


8 
The fraction bar can be read “=>”. 0.3636... <— This is called 
11) 4.0000 a repeating 
5 decimal. 
et unas ts) za 
8 70 
0.625 <— This is called —66 
) a terminating 
8) 5.000 decimal. 40 
sae) —33 
20 70 
= 16 —66 
40 4 <— The remainder 
—40 is never zero. 
Q <— The remainder 
is zero. 4 
—— = 0.36 <The bar over the digits 3 
5 ial and 6 is used to show 
== 0.625 that these digits repeat. 
8 
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ai 1 You Try It 1 
Write a as a decimal. Place a bar over the Write ; as a decimal. Place a bar over the 
repeating digits of the decimal. repeating digits of the decimal. 
f 8 =~ : 
Solution Tr = One ON2 2 OD Your solution 


Solution on p. S1 







: Objective = To convert among percents, 


fractions, and decimals 





vip 


gy Ss 
‘o) 


Percent means “parts of 100.” Thus 27% means 27 parts of 100. 





In applied problems involving percent, it may be necessary to rewrite a percent 
as a fraction or decimal or to rewrite a fraction or decimal as a percent. 


: ; F : 1 
To write a percent as a fraction, remove the percent sign and multiply by A 


=» Write 27% as a fraction. 


1 2a 1 
27% = 27 2 oS i i — 
0 (5) 100 © Remove the percent sign and multiply by 100° 


27% of th ion is shaded. : ; : ; 
Poe seniors ace To write a percent as a decimal, remove the percent sign and multiply by 0.01. 


33% = 33(0.01) = 0.34 


Move the decimal point two places to 
the left. Then remove the percent sign. 


A fraction or decimal can be written as a percent by multiplying by 100%. 





Deuleo 500 1 
— => — gy = YY = 5 y) — 
are (100%) 3 Yo = 62.5%, or > % 


0.82 = 0.82(100%) = 82% 
Move the decimal point two places to | 
the right. Then write the percent sign. 
Balpis ; = oe Be OS or ee ee tn a ae 
Write 130% as a fraction and as a decimal. Write 125% as a fraction and as a decimal. 
Solution Your solution 
1 tS Oe alls 
130% = 130 oe 
: (4) - 100 10 


130% = 130(0.01) = 1.30 


Solution on p. S1 
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SS RSS ERBOESN IR ITS ENE AEE SE SOO SETI 


i 
a 
: 


gamcaronarrorepeesciniarauticeSSIBERSSTSNNANHS 


eee eeecee 
Sette sees ees eeseeeneeseeneercecasceevreceresceoerese 


| Example 3 


cats 
Write Zz 2s a percent. 


Solution —= 


5 
= Cy 
2 (100%) 


19 
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eee ese e sess eee see eee eee eee eeeroeeserneeaeeeeeeeeeeeee se 


You Try It 3 


2a 1 
Write 3 asa percent. 


500 
Co = 835 % 





Your solution 


eeeree eee eee weeee 
ee ee ee eeenee 
cere eee ree ene eee seers e eee esr eevee eeeseeseeseseereeeeneseereeesesneeeeseeeeseeeesee & 


Example 4 a Write 0.092 as a percent. 


Solution 


0.092 = 0.092(100%) = 9.2% 


Nou Try It 4 Write 0.043 as a percent. 
Your solution 


Solutions on p. S1 


: Why 
. » ree 
Objective C To add or subtract rational numbers =) LY 
TUTOR WEB SSM 


TAKE NOTE 


nators and then dividing 
by the common factor of 
the two denominators. 
In the case of 6 and 10, 
6 - 10 = 60. Now divide 
by 2, the common factor 
of 6 and 10. 


60 + 2 = 30. 


Senco RONSON GATES 


TAKE NOTE 


The least common 
multiple of the 
denominators is 
frequently called the 
least common 
denominator (LCD). 


_ You can find the LCM by © 
- multiplying the denomi- 


| 


ssn temaipteccotanrnceasanssesotemae aces aNUnCeSE meses 





Fractions with the same denominator are added by adding the numerators and 
placing the sum over the common denominator. 


Addition of Fractions 


To add two fractions with the same denominator, add the numerators and place the sum 
over the common denominator. 





To add fractions with different denominators, first rewrite the fractions as equiv- 
alent fractions with a common denominator. Then add the fractions. 


The least common denominator is the least common multiple (LCM) of the 
denominators. This is the smallest number that is a multiple of each of the 
denominators. 


3 


Add: -2 += 


The LCM of 6 and 10 is 30. Rewrite the fractions as equivalent fractions with 


the denominator 30. Then add the fractions. 


_ =25+9 
30 


-16 8 
20 nl 














5 25,79 
ce wy) 6 305 330 


To subtract fractions with the same denominator, subtract the numerators and 
place the difference over the common denominator. 


os (- 7) 

9 i) 

The LCM of 9 and 12 is 36. Rewrite the fractions as equivalent fractions with 
the denominator 36. Then subtract the fractions. 


4 fae 160 { 621 
icuon ay me 36 «| 36 


*» Subtract: — 


pir lee (21) 
36 


=logez1 


eae 
36 2~—tié« 8 
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To add or subtract decimals, write the numbers so that the decimal points are 
in a vertical line. Then proceed as in the addition or subtraction of integers. 
Write the decimal point in the answer directly below the decimal points in the 


problem. 
™ Add: —114.039 + 84.76 
|-114.039| = 114.039 © The signs are different. Find the absolute value of 
|84.76| = 84.76 each number. 
114.039 ¢ Subtract the smaller of these numbers from the 
— 84.76 larger. Ae om 
29.279 ¢ Attach the sign of the number with the larger 


absolute value. Because |—114.039| > |84.76], 


— 114.039 + 84.76 = —29.279 use the sign of —114.039. 


él evep eleive ene lal o (eles) ale lowes) aljeile: eve) @, atalele: s e,pleraiejeseie,'s $e) e¢\e elele@ 0s 0.06) em 66.0) £9 on 610 er Ole 06. 6:8) 60160) eee e >) 6: eee meres een een eee Sea eae 


Example 5 You Try It 5 
Simplify Se Sim lity: = Hee he 
1 DOS ee eee ean Gees 
Solution The LCM of 4, 6, and 8 is 24. Your solution 
pct Soloed Ss 
Rome Gr 8 Ot = Abe 4S) 24 
18S 
ag 24 
BP a2? 
5 4 ie me 
Example 6 Subtract: 42.987 — 98.61 You Try It 6 Subtract:.16.12%-067.9 = ann 
Solution 42.987 — 98.61 Your solution 
= 42.987 + (—98.61) 
= —55.623 


Solutions on p. S2 


ss & 
EB SSM 





| Objective D To multiply or divide rational numbers 


The product of two fractions is the product of a Cae 
the numerators divided by the product of the b a bd 
denominators. 
; 3 i 
=> oy te 
Multiply: PE, 
Sy Zeal 2 ¢ Multiply the numerators. Multiply the 
pe ila on Meee Cie denominators. 
eg 
hi PL OIE, © Write the prime factorization of each 
DAD Tene factor. Divide by the common factors. 
eee 


a © Multiply the factors in the numerator 
34 and in the denominator. 
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To divide fractions, invert the divisor. Then multiply the fractions. 


Se | 18 
™ Divide: aie (-3) 


The signs are different. The quotient is negative. 


3+(-$--(-4)--32 P3225 
10 25 (Ome 2 see \1Omaei en “1018 
1 1 
--( BBS \=-3 
2°3-2-3-3 >. 
1 


To multiply decimals, multiply as with integers. Write the decimal point in the 
product so that the number of decimal places in the product equals the sum of 
the decimal places in the factors. 


= Multiply: —6.89(0.00035) 


6.89 2 decimal places 
x 0.00035 5 decimal places © Multiply the absolute values. 


3445 
2067 
0.0024115 7 decimal places 
—6.89(0.00035) = —0.0024115 e The signs are different. The product is negative. 


To divide decimals, move the decimal point in the divisor to the right to make it 
a whole number. Move the decimal point in the dividend the same number of 
places to the right. Place the decimal point in the quotient directly over the deci- 
mal point in the dividend. Then divide as with whole numbers. 


™ Divide: 1.32 + 0.27. Round to the nearest tenth. 
4.8 
0.27.) 1.32.00 © Move the decimal point 2 places to the right 


in the divisor and then in the dividend. 
Place the decimal point in the quotient. 


ee eer eee ee eee enee 
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cisleje sale 6 le 46.0: 80,616 6 sola -e)¢ ep e010 ienereie sjeye)\e) S 


Example 8 Multiply: —4.29(8.2) YouTryit8 Multiply: —5.44(3.8) 


Solution The product is negative. Your solution 





4.29 
x 8.2 


858 
3432 
3551738 


—4.29(8.2) = —35.178 


' Solution on p. S2 





te 
Objective E To evaluate exponential expressions a> 


Repeated multiplication of the same factor can be written using an exponent. 





TUTOR 


Deng). De), ) ==) > exponent a Ged = Gea onent 
firs Ve base it _ base 
exte sively to use exponential 
notation as it is used today. The exponent indicates how many times the factor, called the base, occurs in 


However, for some unknown 
reason, he always used xx 


for x2. 


the multiplication. The multiplication 2 - 2 - 2-2. 2 is in factored form. The 
exponential expression 2° is in exponential form. 


2! is read “the first power of 2” or just 2. Usually the exponent 1 is not written. 
2? is read “the second power of 2” or “2 squared.” 

2° is read “the third power of 2” or “2 cubed.” 

24 is read “the fourth power of 2.” 


a* is read “the fourth power of a.” 


There is a geometric interpretation of the first three natural-number powers. 





[ease Pale) 
41=4 42=16 
Length: 4 ft Area: 16 ft2 Volume: 64 ft3 
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To evaluate an exponential expression, write each factor as many times as indi- 
cated by the exponent. Then multiply. 


=> Evaluate (—2)’. 


t 


Ge) oe 2)(=2)(=2)(—2) ® Write (—2) as a factor 4 times. 


= 16 
=> Evaluate —274. 
a 24 = (2-0-2 2) 
= -—16 


© Multiply. 


e Write 2 as a factor 4 times. 
© Multiply. 


From these last two examples, note the difference between (—2)* and —2%. 


Solution =§>=—-(5-5-5)=—125 


|. eee ag 
Solution — (—4)* = (—4)(—4)(—4)(-4) 
= 256 


fecee Mivluatec3-2 
Solution  (—3)2 - 23 = (—3)(—3) - (2)(2)(2) 
=9-8=72 


emer 12 
>\3 
Evaluate (-2) ; 


2 3 
Solution (-5| = 





LE pecan Tn 
Solution —4(0.7)2 = —4(0.7)(0.7) 
—2.8(0.7) = —1.96 


II 


7 


(—2)* = 16 
—o+ = =(2*) i= 6 


Thee es aseerescsceoesreerseesrsseeresseeereeseseessseeeesseseeeese 


a: 9 Evaluate —5?. 


ou Try It 9 Evaluate —6?. 


Your solution 


| © 4.6; alaiibhe) 6) ©. 4.0 0liehe1.61(6)'6\ «\,<i.9axaler oie) cio 0 se eae @ ee eisielel sisieselelsievslalaials 


You Try It10 Evaluate (—3). 


Your solution 


8You Try It11. Evaluate (3)(—2)?. 


Your solution 


We folic [exe Sunteselapereheye sia exe oie die © 00) O69) 919.6 ise ice 66's es0. sie cuzin iele ee oie? 
+ 


You Try It 12 
»\2 
Evaluate (-2| : 


Your solution 


ptobalahs siahada, cis esta a) oe oMeteraie ope; ateie egesie, see Ge e180 60s spa Si, 8i 0 Seeker Si? 


Your solution 


Solutions on p. S2 
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a 
Objective F To simplify numerical radical expressions oy D> SM 





TARE Nowe | 


that a factor ofa 


“number divides the | 
num ber evenly. For . Y 
instar e, 6 is a factor of 
ie . The perfect square 9 ‘| 
is also a factor of 18.9 is 
a perfeet-square factor of 
18, whereas 6isnota 
ee oi 
_ perfect-square factor + 
oS islet ia 


2 ae ot 


eter Ss 





‘ A square root of a positive number x is a number whose square is x. 


A square root of 16 is 4 because 47 = 16. 
A square root of 16 is —4 because (—4)? = 16. 


Every positive number has two square roots, one a positive and one a nega- 
tive number, The symbol “V __ ,” called a radical sign, is used to indicate the 
positive or principal square root of a number. For example, V16 = 4 and 


\/25 = 5. The number under the radical sign is called the radicand. 


When the negative square root of a number is to be found, a negative sign is 
placed in front of the radical. For example, -V 16 = —4 and —V 25 ="—5: 


The square of an integer is a perfect 7? = 49 
square. 49, 81, and 144 are examples 9? = 81 
of perfect squares. 12? = 144 
The principal square root of an integer N/ 4G 7 
that is a perfect square is a positive V81=9 
integer. 144 = 12 


If a number is not a perfect square, its square root can only be approximated. For 
example, 2 and 7 are not perfect squares. The square roots of these numbers are 
irrational numbers. Their decimal representations never terminate or repeat. 


W/9-104142135'... V7 =~ 2.6457513... 


: ’ 6 10 
Recall that rational numbers are fractions such as Saar where the numer- 


ator and denominator are integers. Rational numbers are also represented by 
repeating decimals, such as 0.25767676 ..., and by terminating decimals, such 
as 1.73. An irrational number is neither a repeating nor a terminating decimal. 
For instance, 2.45445444544445 ... is an irrational number. 


Real Numbers 


The rational numbers and the irrational numbers taken together are called the 
real numbers. 





Radical expressions that contain radicands that are not perfect squares are fre- 
quently written in simplest form. A radical expression is in simplest form when 
the radicand contains no factor greater than 1 that is a perfect square. For 
instance, V 50 is not in simplest form because 25 is a perfect square factor of 50. 
The radical expression \/15 is in simplest form because there are no perfect- 
square factors of 15 that are greater than 1. 


The Product Property of Square Roots and a knowledge of perfect squares are 
used to simplify radicands that are not perfect squares. 
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TAKE NOTE 

_ From the example at the | 

| right, V72 = 6V2. The 

_ two expressions are 

_ different representations 

_ of the same number. 

_ Using a calculator, 

_ we find that 

| V72 ~ 8.485281 and 
6V2 ~ 8.485281. 
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The Product Property of Square Roots 


If a and bare positive real numbers, then Vab = Va- Vb. 


=> Simplify: Vaps 





Wd = 36" 2 e Write the radicand as the product of a perfect 
square and a factor that does not contain a 
anew perfect square. 
=v 50 VD. e Use the Product Property of Square Roots to 
2 write the expression as a product. 
OW 2 ¢ Simplify V/36. 


Note that 72 must be written as the product of a 
perfect square and a factor that does not contain a 
perfect square. Therefore, it would not be correct to 
rewrite V72 as V9 - 8 and simplify the expression 
as shown at the right. Although 9 is a perfect- 
square factor of 72, 8 contains a perfect square 
(8 = 4-2). Therefore, V8 is not in simplest form. 
Remember to find the /argest perfect-square factor 
of the radicand. 


=> Simplify: V-16 


V72=V9-8 
=V9V8 
= 3V5 


Not in simplest form 


Because the square of any real number is positive, there is no real number 


whose square is —16. V —16 is not a real number. 


aaa 14 Simplify: 3V9 You Try It 14. Simplify: -5V 32 
Solution 3V90 =3 Ve 10 Your solution 

= 3V9 V'10 

=3-3V10 

= 9/10 
Dee in oe ernie estos 


Solution Vi252 


= V36°7 


= V36 V7 
=6V7 


Your solution 


Solutions on p. S2 
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EDV 
8253756) To solve application problems  {gig9 y 


@GS ® 
TUTOR 


One of the applications of percent is to express a portion of a total as a percent. 
For instance, a recent survey of 450 mall shoppers found that 270 preferred the 
mall closest to their home even though it did not have as much store variety as 
a mall farther from home. The percent of shoppers who preferred the mall clos- 
est to home can be found by converting a fraction to a percent. 





Portion preferring mall closest to home _ 270 
Total number surveyed ~ 450 


= 0.60 = 60% 


The Congressional Budget Office projected that the total surpluses for 2001 
through 2011 would be $5.6 trillion. The number 5.6 trillion means 


5.6 X 1,000,000,000,000 = 5,600,000,000,000 
ST 
1 trillion 


Numbers such as 5.6 trillion are used in many instances because they are easy to 
read and offer an approximation of the actual number. 


The table below shows the net incomes, in millions of dollars, for the first quar- 
ter of 2001 and the first quarter of 2000 for two U.S. companies. Profits are 
shown as positive numbers; losses are shown as negative numbers. One quarter 
of a year is three months. Use this table for Example 16 and You Try It 16. 


Ist Quarter 2001 1st Quarter 2000 
Net Income Net Income 


vy 





SE 8 RS SS he Oe! O10 90) wel 86, 6 Tae eLe exes) (ure; lee imiis elisha eite ele sledenete tala 


Exainple 16 You Try It 16 

If earnings continued throughout the year at For the first quarter of 2000, what was the 
the same level, what would be the 2001 annual average monthly net income for Friendly Ice 
net income for Cisco Systems? Cream? 

Strategy Your strategy 


To find the annual net income, multiply the net 
income in the first quarter of 2001 (—2,693) by 


the number of quarters in one year (4). 


Solution 
—2,693(4) = 


Your solution 


The annual net income for Cisco Systems in 
2001 would be —$10,772 million. 


Solution on p. S2 
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1.2 Exercises 





Objective A 


Write as a decimal. Place a bar over the repeating digits of a repeating decimal. 


L 7 2 8 1 
zB Zee = cree ee cif 
8 8 9 cs 9 5 7 
» 2 15 7 ja 
fA i Corto 3.) foe zit 
6 16 16 a Ok a= 
6 14 ) ZA 3 
= ie ee cha ae wericn 
ap a * 40 ar eet 
Objective B 
a. Explain how to convert a fraction to a percent. 
b. Explain how to convert a percent to a fraction. 
c. Explain how to convert a decimal to a percent. 
d. Explain how to convert a percent to a decimal. 
Explain why multiplying a number by 100% does not change the value of 
the number. 
Write as a fraction and as a decimal. 
18. 75% 19. 40% 20. 64% 21. 88% 2 2cwradi 2596 
23. 160% 24. 19% 252 81% 26. 5% 27. 450% 
Write as a fraction. 
2 1 2 
28. 115 % Pap J 4— % 30. 125% 31. 3175, % 32. 662 
3 
1 1 u 1 =26 
33. 4? 34. 5 35. 67 % 36. 835 % 37. 5 Yo 
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Write as a decimal. 







38. 7.3% 39.7 9.1% 40. 15.8% 41. 16.7% 42. 0.3% 


43. 0.9% 44. 9.9% 45. 9.15% 46. 121.2% 47. 18.23% 


Write as a percent. 


48. 0.15 49. 0.37 50. 0.05 bie 0.02 ay, WIG 
53. 0.125 54. 1.15 55. 1.36 56. 0.008 57. 0.004 
27 83 1 3 5 
Wo Ss _— — eS a 
50 aaa 00 idee ae eS 
4 7 9 2 1 
637) 64. — = se = 
9 8 OEE 5 66. 15 67. 25 


Objective C 





Add or subtract. 


Sas Gul aa 5 3 

68. ->-—= 69. ——+— . oe Nee 
609 13 26 pete ae | A] 
sh al 11 5 2 11 5 

100) oe 73. —-= —=.~{-— At ee 
5 ami PG 3 = eas ( 5) 
Pee oe ral Sens ale] 

16. = 485 = 77a er 78, -—+=-<+ ei Shay 
yoo. oO Da ae ee ane Bee see 4 
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29 


© os) ic OS 0 aria a 

84. Srey + 6.9 35.9 2204 3.6 86. 5.43 + 7.925 Sif 16.925 0.925 

88. —3.87 + 8.546 S97 6.9027 — 17.692 907 2:09% = 63/2 4 

Oi 1859 474.9 = 23.7 92 19 G3 72) 82775 93. 3.07 = (-29)E 1 
947 IG A= (43.09)\-— 293 95. —=209> 4.662 223) 96. 2:66 4:66) 32 


Objective D 


Multiply or divide. 


100. 


103. 


106. 


1092-4 => = 


iS >) 8 
101. -3(§) 102. ( =| 


5 8 1 1 *\( 4 
——||-= 105. —|-—]|-= 
108: (5\( ll ;) i A} \e8 
5). { ©3 aan, 
107. 3 -(-2) 108. ID 32 
oD aby -3) 
110. 70s eit 64 -( 40 


30 


112. 


115. 








118. 


121. 


124. 


127. 


Objestive E 


Chapter 1 / Real Numbers and Variable Expressions 


(6.9)(—4.2) 


2-0 G7) 


Sqioy > (997) 


=6.904 ~ 1.35 


Evaluate. 

130. 62 ihe D bes fe 
TSS er ao2)3 136. (—3)4 
140. (0.3)? 141. (1.5) 
145. (—2)- (-2) 146. 
149, 3(42)22 "© 3y 150. 


113 ede Bo 
; 9 3 


116. (—0.8)6.2 
119. 1.06(=3.8) 


1220 2 AGL) 


Divide. Round to the nearest hundredth. 


125." 9 07 (355) 


128... =7.894-= (—2.06) 


iy), 92 
137, (5); 
2 \2 
140% ls: 
] 
23 - 33 - (—4) 147. 
2 Vana 
[=] ee 151. 


133. 


138. 


143. 


(—3)3 é 


der 
1 


None 


114. — 


— 


117. (L8G) 


120. -=2.7( 3:3) 


Shea | 


123. 2.3(—0,6)(0.8) 


126. 0.0976 + 0.042 


129. =—354.2086=-30;0719 


—43 134, (-3) 
GP ae. (-2} 

3 
(-5] 8 144, (0.3)3 - 23 


52-10 ey, 148. (-7)- 42- 32 


3 2 
=) (24). 2 1522582 (4 3)905 
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171. 


177. 240 178. 300 
183. V275 184. \/450 
Objective G 

189. 


Objective F 
Simplify. 

153. V16 154. 
159. V8 160. 


165. V15 166. 


V45 172. 


V12 


V225 


155. 


161. 


167. 


173. 


179. V288 


V49 


6V 18 


V29 


156. 


162. 


168. 


174. 


180. 
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V144 


~3V48 


V13 


V210 


Find the decimal approximation rounded to the nearest thousandth. 


V 600 


185. V245 186. V525 


Application Problems 


157. 


163. 


169. 


175. 


181. 


187. 


5V 40 


=9ViI2 


6V/128 


V 256 


V352 


The table below shows the net incomes for the first quarter of 2001 and 
the first quarter of 2000 for three companies in the entertainment indus- 
try (Source: www.wsj.com). Figures are in millions of dollars. Profits 
are shown as positive numbers; losses are shown as negative numbers. 
a. If earnings were to continue throughout the year at the same level, 

what would the 2001 annual net income be for Midway Games? 
b. For the first quarter of 2001, what was the average monthly net 


income for Six Flags? 


c. Find the difference between Fox Entertainment's first-quarter net 
income for 2000 and Midway Games’s first-quarter net income for 


2000. 





1st Quarter 2001 
Net Income 


1st Quarter 2000 
Net Income 


158. 


164. 


170. 


176. 


182. 


188. 


V50 


2V28 


11V/80 


9V/288 


V 324 


V363 


32 


‘& posted as shown below, along with the decreases for that day, shown 
“= as negative numbers (Source: www.wsj.com). At what level were the 
indexes at the close of the day on May 8, 2001? 
ae CCéints at =—==‘Decrease for 
Market Close the Day 
Dow Jones Industrial Average  10866.98 
Standard and Poor 500 1255.54 
NASDAQ y 2156.62" 
191. A survey asked 600 small business owners about the impact of 
8 the Internet on their businesses. The results are shown in the 
“*  eraph at the right. (Source: Infoworld by Dun & Bradstreet. é Hevea 
Copyright © 2000 by Infoworld Media Group, Inc. Reproduced business 
with permission of Infoworld Media Group, Inc. via Copyright 186 
Clearance Center.) What percent of the owners responded that : 
the Internet had helped business? we nye oe 
Hurt 
business 
6 
192. The table at the right shows the surplus or deficit, in billions Seiler ie eo 
c& of dollars, for the federal budget every fifth year from 1945 mean Surplus or a 
“to 1995 and every year from 1995 to 2000 (Source: U.S. 47.553 
Office of Management and Budget). The negative sign (—) 1950 3.119 
indicates a deficit. 1955 2.993 
a. ens between the deficits in the years 1980 1960 0.301 
an ; 
1965 -1.411 
b. Calculate the difference between the surplus in 1960 and 1970 2.847 
the deficit in 1955. . oe Seas 
c. How many times greater was the deficit in 1985 than in 1980 73 935 
1975? Round to the nearest whole number. 1985 212.334 
d. What was the average deficit, in millions of dollars, per 1990 ae 
quarter for the year 1970? 1995 ver wyesgos 
e. Find the average surplus or deficit for the years 1995 1996 aan 
through 2000. Round to the nearest million. 1997 -21.940 
1998 69.246 
APPLYING THE CONCEPTS 1999 79.263 
ome 117.305 
193. List the whole numbers between V8 and V90. 
194. Use a calculator to determine the decimal representations of ae 2 and 
WS ; : 
ae Make a conjecture as to the decimal representation of a Does your‘ ° , 
conjecture work for =? What about = 
da 195. Describe in your own words how to simplify a radical expression. 
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At the close of the stock markets on May 9, 2001, the indexes were 
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The Order of Operations 
Agreement 


To use the Order of Operations 
Agreement to simplify expressions 





i oS 3 
Objective A ee 
TUTOR WEB SSM 





Let’s evaluate 2 + 3-5. 


There are two arithmetic operations, addition and multiplication, in this expres- 
sion. The operations could be performed in different orders. 


Multiply first. 2S Add first. 2 ee no 
e__—— —— 
Then add. Zahid Then multiply. Shes] 
— e_——" 
17 25 


In order to prevent there being more than one answer for a numerical expres- 
sion, an Order of Operations Agreement has been established. 


THE ORDER OF OPERATIONS AGREEMENT 


Step 1 Perform operations inside grouping symbols. Grouping symbols in- 
clude parentheses ( ), brackets [ ], braces { }, absolute value symbols 
| |, and the fraction bar. 


Step 2 Simplify exponential expressions. 
Step 3. Do multiplication and division as they occur from left to right. 


Step 4 Do addition and subtraction as they occur from left to right. 


= Evaluate 12 — 24(8 — 5) = 22. 


(2 — 246) 27 e Perform operations inside grouping 
symbols. 
12 — 24(3) + 4 e Simplify exponential expressions, 


125 24(8 5) = 27 


hee = Po ¢ Do multiplication and division as they 
occur from left to right. 

= 12-18 

= —6 e Do addition and subtraction as they 


occur from left to right. 


One or more of the above steps may not be needed to evaluate an expression. In 
that case, proceed to the next step in the Order of Operations Agreement. 
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When an expression has grouping symbols inside grouping symbols, perform the 
operations inside the inner grouping symbols first. 


=» Evaluate 6 + [4 — (6 — 8)] + 22. 


6+ [4—- (6 — 8)] + 2? = 6 + [4 - (-2)] + 2? e Perform operations inside 
grouping symbols. 





= 6 +6112? 
=676+4 e Simplify exponential 
expressions. 
= ara ¢ Do multiplication and division 
~ as they occur from left to right. 
= 5 e Do addition and subtraction as 
they occur from left to right. 
“= Example 1 : "You Try it 1 
Evaluate 4 — 3[4 — 2(6 — 3)] = 2. Evaluate 18 — 518 —2@ — 5)] = 10; 
Solution Your solution 


da— 13 40> 926; 63) eee? 
aoa aA 2 3 | 2 
= he Siiheaitoy Pea 
= 4 >38[=2) +2 
Wiha Sing 





"Example 2 “You Try It 2 


Evaluate 27 + (5 — 2) + (—3)2 - 4. Evaluate 36 + (8 — 5)? — (—3)2- 2. 
Solution Your solution 


27 + (5 — 2)2 + (-3)2 +4 
= 27 + 32+ (-3)2-4 
B57 oro m4 
=3+9-4 
=3+ 36 
= 39 
eg hic a ee 
Evaluate (1.75 — 1.3)? + 0.025 + 6.1. Evaluate (6.97 — 4.72)? - 4.5 + 0.05. 


Solution Your solution 
(1.75 — 1.3)? + 0.025 + 6.1 


= (0.45)? = 0.025 + 6.1 eh 
aU 202 5 2 U.025 16.1 

= 81+ 6.1 

a2 


Solutions on p. S2 
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1.3 Exercises 






Objective A 


g, 1. Why do we need an Order of Operations Agreement? 
4 


© 


2. Describe each step in the Order of Operations Agreement. 


Evaluate by using the Order of Operations Agreement. 








3. 4-8+2 AA a 
6. 16 — 32 +23 7. 24-18+3+2 
Jes — 213) 10. 16-16-2+4 
12. 16-2-4 13. 27-18 + (—3?) 
15. 16+ 15+(-5)-2 16. 14-22?-(4-7) 
18. 10 —|5 — 8| + 23 19. 3—2[8 — (3 - 2)] 
tae ee 
AN AS i rere 22 AAR ES ai | 5) 


Pi 96 — 2112 + (6'— 2)] — 3? 25704 lo 1) a0 


270 (10-2) + (=5) 28) 16. 3( S25) p 
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11; 


14. 


17. 


20. 


233 


26. 


29: 


2( 3) a4) ee 32 


dee 24, 


12 Oger Z 


Atal? He iid 


14-22-|4-7| 


—2? + 4[16 + 3 — 5)] 


18 + |9 — 2>|+ (-3) 


18 + 2-42 -(-3) 


AC 8) = (3) 


35 
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C10 rg an A ys 32. (0.2)?- (—0.5) + 1.72 
30. Bie -|2-4 St 16) tae (—2) 2 (2 y et 
33. 0.3(1.7 — 4.8) + (1.2)? 34, (1.8)? — 2.52 + 1.8 35. (1.65 — 1.05)? + 0.4+0.8 


APPLYING THE CONCEPTS 


\ ‘ 
P ; 2 3 5 ; 
36. Find two fractions between 5 and Z (There is more than one answer to 
this question.) 





37. A magic square is one in which the numbers in every row, column, 
and diagonal sum to the same number. Complete the magic square 
at the right. 





38. For each part below, find a rational number r that satisfies the 
condition. 
iste? <Gi@ odieiga = (an Renee re 











39. Inasurvey of consumers, 9% said they would buy an electric vehi- 
cle. Approximately 43% said they would be willing to pay between 
$1000 and $2000 more for a new car if the car had an EPA rating 
of 80 mpg. If your car now gets 28 mpg and you drive approxi- 
mately 10,000 mi per year, in how many months would your 
savings on gasoline pay for the increased cost of such a car? 
Assume the average cost for gasoline is $1.60 per gallon. 





u 


40. Find three different natural numbers a, b, and c such that ; = ; 


its 
+-isa 
iC 
natural number. 


41. The following was offered as the simplification of 6 + 2(4 — 9). 


6 + 2(4 — 9) = 6 + 2(-5) 
= 8(-5) 
= —40 


Is this a correct simplification? Explain your answer. 


42. The following was offered as the simplification of 2 - 33. 
2-33 = 67 = 216 


Is this is a correct simplification? Explain your answer. 
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Point of Interest 


Historical manuscripts 
indicate that mathematics is 
at least 4000 years old. Yet it 
was only 400 years ago that 
mathematicians started using 
variables to stand for 
numbers. The idea that a 
letter can stand for some 
number was a critical turning 
point in mathematics. 











See the appendix “Guidelines 
for Using Graphing Calculators” 
for instructions on using a 
graphing calculator to evaluate 
variable expressions. 
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Variable Expressions 


VIDEO. 





2aH 

TUTOR WEB VA 

Often we discuss a quantity without knowing its exact value—for example, the 
price of gold next month, the cost of a new automobile next year, or the tuition 
cost for next semester. Recall that a letter of the alphabet can be used to stand 
for a quantity that is unknown or that can change, or vary. Such a letter is 
called a variable. An expression that contains one or more variables is called a 
variable expression. 


To evaluate a variable expression 


A variable expression is shown at Bx = bye ly 
the right. The expression can be re- 
written by writing subtraction as 


the addition of the opposite. 


Bx = Sy) 2a oe itn ar) 





Note that the expression has 5 me" 5 terms 

addends. The terms of a variable 3x2 = Sy 4 Oey — x — 7 
expression are the addends of the 

expression. The expression has 5 variable terms eee: 


terms. 
The terms 3x2, —5y, 2x), and —x are variable terms. 


The term —7 is a constant term, or simply a constant. 


numerical coefficient 


ive = 7 


Each variable term is composed of a 
numerical coefficient and a vari- 
able part (the variable or variables 
and their exponents). 


Bree ey en ae 


When the numerical coefficient is 1 
or —1, the 1 is usually not written 
(oeic and == 1%). 


Replacing each variable by its value and then simplifying the resulting numeri- 
cal expression is called evaluating the variable expression. 


=> Evaluate ab — b? when a = 2 and b = —3. 


Ge 07 
2(-3) — (-3)" ° Replace each variable in the expression by its value. 
mad (= 3) 39 e Use the Order of Operations Agreement to simplify 
the resulting numerical expression. 
Sit O89 
=— 15 
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ee 
eooeeeeeoeeeeeerevreeeeeeeees 
eee essere seesreseeeeeeeeseeeeseeeeoeseseseeeeeseeeeeeeeeeHpeeeeeeeeseeeeeeeeHesEeES 


"You Try It 1 











ee) rae ae: 
Evaluate 2 7 when a = 3 and b = —4. Evaluate ais when a = 5 and b = —3. 
2 9a 
Solution f E Your solution 
a-b 
32 (aco 16 
ic bene) 
ae : 
= —— = 1 
7 
ekaniple 2 . kavaluate Lie = Le Try It 2 Evaluate:x? — 2(x + y)itez 
when x = 2, y = —1, and when x = 2, y = —4, and 
ans A eae 
Solution A aay) eee Your solution 


Zeares |e — (—))  32 





= 2233) 32 
= 4 — 3(3) -9 
=4-9-9 
=-5-9 
=-14 
Solutions on p. S2 
Objective B a To simplify a variable expression yp OO & 
saan using the Properties of Addition @ a) co) 
Like terms of a variable expression are 
terms with the same variable part. l 
(Because x? = x - x, x? and x are not like Baiada 4 = ix eee 


terms.) 
Constant terms are like terms. 4 and 9 
are like terms. 


To simplify a variable expression, use the Distributive Property to combine 


like terms by adding the numerical coefficients. The variable part remains 
unchanged. 


tx 
t 


Distributive Property 


If a, b, and c are real numbers, then alb + c) = ab+ ac. 





The Distributive Property can also be written as ba + ca = (b + c)a. This form 
is used to simplify a variable expression. 
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4 SSN GRRL GSR RESTART ERE TIE ERT 


therefore cannot be 
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™> Simplify: 2x + 3x 


Use the Distributive Property to add the numerical coefficients of the like vari- 
able terms. This is called combining like terms. 


De ax = (2+ 3)x ¢ Use the Distributive Property. 
Sox 


=» Simplify: 5y — ily 


Dyie yi (5) = td )y ; ¢ Use the Distributive Property. This step is 


= —6y usually done mentally. 


ennccssatieasbanconsnypenceasteeeiratinsabtoeN 


> Simplify: 5 + 7p 










Simplifying an The terms 5 and 7p are not like terms. 
expression means 
combining like terms. 
A constant term (5) and 
a variable term (7p) are 
not like terms and 


The expression 5 + 7p is in simplest form. 


In simplifying variable expressions, the following Properties of Addition are 


combined. used. 


The Associative Property of Addition 


lf a, b, and c are real numbers, then (a+ b)+c=a+(b+ ¢). 





When three or more like terms are added, the terms can be grouped (with 
parentheses, for example) in any order. The sum is the same. For example, 
(3x + 5x) + 9x = 3x + (Sx + 9x) 
Se 119K = 3x 14x 
17x = 17x 


The Commutative Property of Addition 


lf aand bare real numbers, thena+ b=b+ a. 





When two like terms are added, the terms can be added in either order. The 
sum is the same. For example, 
2x + (—4x) = —4x + 2x 
—2x = —2x 


ll 


The Addition Property of Zero 


If ais areal number, thena+0-0+ a= a. 





The sum of a term and zero is the term. For example, 


5x +0=0 + 5x = 5x 
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The Inverse Property of Addition 


If ais a real number, then a + (—a) = (—a) + a=0. 





The sum of a term and its opposite is zero. The opposite of a number is called 
its additive inverse. 


Tx (2Tk) SS is i 


™®> Simplify: 8x + 4y — 8x + y Lies 0A 


Use the Commutative and Associative Properties of Addition to rearrange 
and group like terms, Then combine like terms. | 


G0 AV OX rem i (8x = Ox) (yy) e This step is usually done mentally. 


™® Simplify: 4x2 + 5x — 6x2 —2x4+1 


Use the Commutative and Associative Properties of Addition to rearrange and 
group like terms. Then combine like terms. 


4x? + 5x — 6x? — 2x + 1 = (4x? — 6x2) + (5x — 2x) 4+ 1 
= —2x* + 3x + I 


. 
seer ees reesscoeas 
ahs 


Your sol lut ti ion 


Je 


ail, 
pe ceoveee ce esenee 


ve... Fr 
‘OU f 








Objective C To simplify a variable expression using 
the Properties of Multiplication 


, os f 
TUTOR WEB SSM 


In Seda variable expressions, the following Properties of Multiplication 
are used. 





The Associative Property of Multiplication 


If a, b, and c are real numbers, then (a-b)-c=a- (b-c). 





When three or more factors are multiplied, the factors can be grouped in any 
order. The product is the same. For example, 


2(3x) = (2- 3)x = 6x 
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The Commutative Property of Multiplication 


If aand b are real numbers, then a: b= Db: a. 





Two factors can be multiplied in either order. The product is the same. For 
example, 


(250) 3) soe (20) = oe 


The Multiplication Property of One 


If ais areal number, thena-1=1:a=a. 





The product of a term and one is the term. For example, 


(8x)(1) = (1)(8x) = 8x 


The Inverse Property of Multiplication 


If ais a real number, and a is not equal to zero, then 


1 


a ay seh alle 


en 
a a 





; is called the reciprocal of a. : is also called the multiplicative inverse of a. 


The product of a number and its reciprocal is one. For example, 


aA 


ee 
7 


2 
7 


The multiplication properties just discussed are used to simplify variable 
expressions. 


=» Simplify: 2(—x) 


9-4) = 2-1 x) © Use the Associative Property of 
= [2(-1)]x Multiplication to group factors. 


— 


=» Simplify: 3(2) 


Use the Associative Property of Multiplication to group factors. 


pocnne rend 


By 2% = 32.) a 
St ay |; ee a ee (ae! ' e — = — X. 
a\3 2\3 : ote that = 3% 
Cae 
ee: a : gi x | © The steps in the dashed box are usually done mentally. 
=v ears : 


L.----------------- 
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=» Simplify: (16x)2 


Use the Commutative and Associative Properties of Multiplication to re- 
arrange and group factors. 


(16x)2 =: 2(16x) ! ¢ The steps in the dashed box are usually done mentally. 
=! (2+ 16)x 
35,5 bt 
Ee A ARR E EEA 6 Vey BOM RS ae 15 55 a eR oo 
' Example 5 Simplify: —2(3x?) © You Try It 5 Simplify: —5(4y) 
Solution = 213%") = “Oe Your solution 
Te PURO OL neat toma ent bic jvc) Do) eee 
"Example 6 Simplify: —5(—10x«) You Try It 6 Simplify: —7(—2a) 
Solution = 3(—10x) = 50x Your solution 


Fat aa 
g 
BE Cie) 80. o''e.'0.10) 0a skolelie''eis oie) eh sliayelrete rele (wiehols, oje\ 10) aye\lelei(e\'e is/'s\erotae eilelis iM ole etwists’c)n aisia\ oleleus feiellave! ellesaieire) sks, a) e7etee’ slerero arevere [o-ooney @rehe renee 


«Example 7 Simplify: (6x)(—4) HYou Try It 7 Simplify: (—5x)(—2) 


Solution (6x)(—4) = —24x Your solution 


Solutions on p. S3 





Objective D | To simplify a variable expression 


VIDEQ: 
using the Distributive Property E 








Wie 
Wrote WEB iA, 
Recall that the Distributive Property states that if a, b, and c are real numbers, 


then 


a(tb+c)=ab+ac 


The Distributive Property is used to remove parentheses from a variable 
expression. 


™ Simplify: 3(2x + 7) 


3(2x + 7) 


a 
\e®) 
iS) 

3S 
wa 
+ 
ie) 
= 
~] 
wm 


| 32x, ° Use the Distributive Propetty. 
= 6x 424 ae: Do this step mentally. 


Pomme m nnn nnn n ane n enn, 


—5(4x + 6) 


ale 

| 
Ul 
S 
a 
— 
+ 
o 
aa 
wm 
oO 


¢ Use the Distributive Property. 
Do this step mentally. 


bene nme nnn nen ened 


I 
| 
5 
3 
| 
Ww 
SS 
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=» Simplify: —(2x — 4) 


pocee------------------~---------- 5 


—(27— 4) = = 10x — 4) e Use the Distributive Property. 
—1(2x) - (- 1(4)_ Do these steps mentally. 
=-2x+ 4 


Note: When a negative sign immediately precedes the parentheses, the sign of 
each term inside the parentheses is changed. 


=> Simplify: — z (Be 127) 


ee ie ra rE A a a 


Se: — 12y) =} eur mail ae (12y) | e Use the Distributive Property. 
2 a pee : Do thi 
o this step mentally. 


bowen ween eae en nee nee ns eek aaa an aw ena 


~» Simplify: 4x — y) — 2(—3x + 6y) 


A(x — y) — 2(—3x + 6y) = 4x — 4y + 6x — L2y ¢ Use the Distributive 


Property twice. 


Oc = 16y ¢ Combine like terms. 


An extension of the Distributive Property is used when an expression inside 
parentheses contains more than two terms. See the example below. 


=» Simplify: 3(4x — 2y — z) 


Sane sea ann ane nance ssen eres ent 


3(4x — 2y -z) = _ 3(4x) =—3(29) = 3(z) | e Use the Distributive Property. 
Spa es oe an here Do this step mentally. 
= 12x — by — 32 
Example 8 Simplify: —3(—5a + 7b) H You Try It 8 Simplify: —8(—2a + 7b) 
Solution 33(—5a +eib) = 5a 200 Your solution 
Meg Ay meacyel anette Adie | Rt Wie RIAGIa ca Ris fo cle Se We iarch La GES sleet aa tenia lore) the gins 2 vee 8 ome ee 

‘Example 9 Simplify: (2x — 6)2 BYou Try it 9 Simplify: (3a — 1)5 

Solution (2x — 6)2 =4x — 12 Your solution 


Solutions on p. S3 
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Example 10 Simplify: 3(x2 — x — 5) a Try It10 Simplify: 2(@? — x + 7) 
Solution SURE i 5) eae Ae Your solution 
lees 11, Simplity: 24 = 3(2% <2 79) he Try {t.11 Simplify: 3v-—2(y 172) 
Solution Chime ee ye 2G Ox + D1 y Your solution Ris 
Seat oro by 
‘Hoa 12 Simplify: ae Try It 12 Simplify: 
Bey) (hic sy) = 2 2 ea ys 
Solution TN carey) eee (=e) Your solution 
= he) 140. + 2y 
= 8x — 12y 
‘eee 13 Simplify: Ge Try It 13. Simplify: 
OX oLen — ole +7)4 3y— 2x 42 sy 
Solution Ze 3 | xs 7) Your solution 


ioe Lio | 
= 24 — 3(—=x — 21] 

= 24 + 3% + 63 

= 5x + 63 


‘ Solutions on p. S3 





Objective | = _ To translate a verbal expression 


into a variable expression 


WW 


TUTO WEB SSM 


One of the major skills required in applied mathematics is the ability to translate 
a verbal expression into a variable expression. This requires recognizing the 
verbal phrases that translate into mathematical operations. A partial list of the 
verbal phrases used to indicate the different mathematical operations follows. 





— 





Addition added to 6 added to y 4) 
more than 8 more than x Bie ts! 
the sum of the sum of x and z " £+2z 
increased by t increased by 9 ta 


the total of the total of 5 and y See! 
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' Subtraction minus x minus 2 Oe 
Poir interest less than 7 less than t Nae | 
The way in which expressions decreased by m decreased by 3 N= 3 
pis Ibe oe es: changed the difference the difference 
over time. Here is how some of 
the expressions shown at the Pea bet pee as ange An : 
tight may have appeared in the 
early 16th century. 

Rp.8forx+8.Thesymbol Multiplication times 10 times t 10¢ 
R was used for a variable to 1 
the first power. The symbol of one-half of x 5 
p. was used for plus. z 

ie ee ees the product of the product of y and z YZ 
symbol R is still used for the multiplied by y multiplied by 11 lly 
variable. The symbol m. was twice twice d 2d 
used for minus. 

The square of a variable 
was designated by Q and the 
cube was designated by C. Division divided by x divided by 12 Z 
The expression x3 + x? was 12 
written C p. Q. y 

the quotient of the quotient of y and z = 
5 . t 
the ratio of the ratio of t to 9 9 
Power the square of the square of x < 
the cube of the cube of a a 


= Translate “14 less than the cube of x” into a variable expression. 


14 less than the cube of x e 


x3 — 14 


Identify the words that indicate 
the mathematical operations. 
Use the identified operations to 
write the variable expression. 


In most applications that involve translating phrases into variable expres- 
sions, the variable to be used is not given. To translate these phrases, a vari- 
able must be assigned to an unknown quantity before the variable expression can 


be written. 


*> Translate “the sum of two consecutive integers” into a variable expression. 
Then simplify. 
e Assign a variable to one of 
the unknown quantities. 
e Use the assigned variable to 
write an expression for any 
other unknown quantity. 


the first integer: 1 


the next consecutive integer: 7 + | 


n+(n +1) e Use the assigned variable to 

write the variable expression. 
(an) + 1 e Simplify the variable expression. 
an I 
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Many of the applications of mathematics require that you identify an unknown 
quantity, assign a variable to that quantity, and then attempt to express another 
unknown quantity in terms of the variable. 


(c +3) Ib » A confectioner makes a mixture of candy that contains 3 Ib more of milk 
chocolate than of caramel. Express the amount of milk chocolate in the 
mixture in terms of the amount of caramel in the mixture. 





Amount of caramel e Assign a variable to the amount 
in the mixture: c of caramel in the mixture. 
Amount of milk chocolate e Express the amount of milk chocolate 
in the mixture: c + 3 in the mixture interms of c. 
ee 14 ee Try It 14 
Translate “four times the sum of half of a Translate “five times the difference between a 
number and fourteen” into a variable : number and sixty” into a variable expression. 
expression. Then simplify. Then simplify. 
Solution Your solution 


the unknown number: 1 
half of the number: sn 
the sum of half of the number and 


1 
fourteen: ie 14 


1 

a{5n = 14] 
Tas as) 

lexample 15 he Try It 15 ay 
The length of a swimming pool is 4 ft The speed of a new printer is twice the speed 
less than two times the width. Express the of an older model. Express the speed of the 
length of the pool in terms of the width. new model in terms of the speed of the older 

model. 

Solution Your solution 
the width of the pool: w 
the length is 4 ft less than two times the width: 
2w — 4 

lee 16 he. Try iG ve) aes Ro ae 
A banker divided $5000 between two accounts, A guitar string 6 ft long was cut into two 
one paying 10% annual interest and the second pieces. Express the length of the shorter 
paying 8% annual interest. Express the amount piece in terms of the length of the longer 
invested in the 10% account in terms of the piece. 


amount invested in the 8% account. mt 


Solution 
the amount invested at 8%: x 
the amount invested at 10%: 5000 — x 


Your solution 


Solutions on p. S3 
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1.4 Exercises 


Objective A 
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Evaluate the variable expression when a = 2, b = 3, andc = —4. 
17100 (—a) 2. be + Qa) 3. 
4. a?-b? 5. b?-c? 6. 
Vibe Xk eal ae Ch ital clade 9. 
‘ith 11 ae aiach 12. 
Evaluate the variable expression when a = —2, b = 4,c = —1, andd = 3. 
ise ay ells 15. 
d ‘s 
“as wee ie 18. 
b c-—a 
19. (b+ 4d)? —4a 20. (d —a)* — 3c Zale 
b —2a 
x a 24. 
22-—3(b — a) — be 23. A A 
25 se 2 26 a7 —¢ Dae 
; 8 8 
Be (ce. bd) HW eas no) 30. 
28. 4 5 ac 3 5 
31. (b+c)?+(@+d/p 32. 4ac + (2a)? 33. 


b2 — 4ac 
(a + b)? 


(6 —a)?ar 4c 


(b — 2a)? + be 


2d+b 


2c -—d 
—ad 





(day 2 


b*>-a 
ad + 3c 





—4bc 
2a —b 


(Dieta) Kd co)? 


3dc — (4c)? 
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Objective B 





Simplify. 

34. 6x + 8x 35.8 2227134 36. 9a — 4a 371 2atoa 

38. 4y + (-10y) 39. 8y 4 —6y) 404A =6b —7 ake lL 2yeee 

42. —12a+ 17a 43. =3a + 12a 44. 5ab — Tab 45. 9ab — 3ab 

46. —12xy + 17xy ATs 7 1Sxy.+ Sky 48. —3ab + 3ab 49. —Tab + Tab 

50. -Ss = > 51s -y +p =y 52. ax = ax Be) =y? = ay? 

SANS Sx + 3x Sek Rove one ae Wes 56. 5a —"3a:4 5a 57. 10a — l7a + 3a 
38. —Sx? — 12x + 3x? 9. V2 — Bye ye 60. ie: Mere + 3y 

Ol. 8y--+ (=10x) + 8x O25 1k = Bye LUE 63. 8y + 8x — By 

64. 3a + (-—7b) -—5a+b 65. —5b + 7a — 7b + 12a 66.1 3x + (—8y) — 10x + 4x 
67.5 BYEZ yey 68. x7 = 7x + (—5x2)+ 5x 69. 3x2 + 5x — 10x? — 10x 
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Objective C 





Simplify. 
70. 4(3x) 71. 12(5x) 72. —3(7a) 73. —2(5a) 74. —2(—3y) 
75. —5(—6y) 76. (4x)2 77. (6x)12 78. (3a)(—2) 79. (7a)(—4) 
80. (—3b)(—4) 81. (—12b)(-9) 82. —5(3x2) 83. —8(7x?) 84. = (3x2) 
85 Aree) 86 1 (54) 87 Gn 88 ae ays 89 ena 
oe. ic “ie aa ae 
90 ! 7 91 oe —9b 92. (3 a 93. (12 ie 94 6-3] 
a7 at : 9 | ) » BO3 » (12x)55 : YN 
1 1 1 1 1 
95. (- 100-75) 96. 3 (9x) 97. = (14x) 98. ~ 5 (10x) 99. ~g (16x) 
3 1 
100. -= (120") 101. -2 (24a") 102. => (= 169) 103. ole) 104. c1e)(5) 
1 1 1 3 3 
105. 3y)( 106. (-69(5) 107. (-100(5) 108. (-80)( -3| 109. 21)(-3) 


Objective D 
Simplify. 
110. —@ + 2) 111. -—(@ +7) 112 (43) 1135, 5@7— 7) 


114. (26 +7) 115. —5(a + 16) 116. —3(2y — 8) 117; +5GyS17) 


50 


118. 


122. 


126. 


130. 


134. 


137. 


140. 


143. 


146. 


149. 


152. 
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(5°="3b)7 


36772) 

(—3x — 6)5 
—=3(2)7-— 7) 

—= (6x — 18y) 
BGT 2x — 6) 
Ee Oy +S) 

2 

=5(— 2x? — 3x +57) 
5(2x? — 4xy = y?) 
A 2(3X% 4+ 8) 


[Oe Cdr) 


119) GO = 7b)2 


1 
120. = (6 - 15y) 


123. 6(3x7 4 24) 124. =2(-y + 9) 
U2 eee), 128. 2(—3x? — 14) 
[31 s(Sy7r—" 12) 6 132.342 — 3) 

135 Ee — 4y) 

: RACs as 
138. 42 — 3x + 5) 
1 
141. 3 (ox = Oye kh) 


144. 


147. 


150. 


153. 


—3(—4x2 + 3x — 4) 


—(3a* + 5a — 4) 
6a — (5a + 7) 
Dee (7 = 2) 


136. 


139. 


142. 


145. 


148. 


151 


154. 


121. 5 (-80 + 4y) 


125, 5] 2-7) 
129, 5G 6x 93) 
133; 5-4) 
=(6a? — 7b?) 
—2(y? —2y 4) 
4(—3a? — 5a + 7) 
3(2x* + xy — 3y7) 
—(8b? — 6b + 9) 
89 — 3(4y + 6) 


8 — (12 + 4y) 
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170. 


172. 


174. 


176. 


178. 


Translate into a variable expression. Then simplify. 


twelve minus a number 


two-thirds of a number 


the quotient of twice a number and nine 


eight less than the product of eleven 
and a number 


nine less than the total of a number 
and two 


171. 


173. 


175. 


Te 


179. 
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155. 3(x + 2) — 5(x — 7) 156. 2(x — 4) — 4(x + 2) 157, 122 3y) 
158." 62) — 17)... — 2y) 159. 3(a—b)-(atb) 160. 2(a + 2b) — (a — 3b) 

161, 4[x—"2@ — 3)] LOZ. ie eet 7) 163. —2[3x% + 24 —.%)] 
164550120 23a x) | 1652 o3i2e = (x 7) I 166. =—2|3x% =~ 6722) 

167. 2x — 3[x — 4 — x)) 168a00 1 + ols (6-— 2%) 1 169. —5x — 2[2x —4(~+7)]-—6 
Objective E 


a number divided by eighteen 


twenty more than a number 


ten times the difference between a number 


and fifty 


the sum of five-eighths of a number and 
Six 


the difference between a number and three 
more than the number 


52 


180. 


182. 


184. 


186. 


188. 


190. 


192. 


194. 


196. 


198. 


200. 
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the quotient of seven and the total of five 
and a number 


five increased by one-half of the sum of a 
number and three 


a number added to the difference between 
twice the number and four 


the product of five less than a number and 
seven 


the quotient of five more than twice a num- 
ber and the number 


a number decreased by the difference 
between three times the number and eight 


a number added to the product of three and 
the number 


five more than the sum of a number and six 


a number minus the sum of the number 
and ten 


the sum of one-sixth of a number and four- 
ninths of the number 


the sum of a number divided by three and 
the number 


181. 


183. 


185. 


187. 


189. 


191. 


193. 


195. 


197. 


199. 


201. 


four times the sum of a number and nine- 
teen 


the quotient of fifteen and the sum of a 
number and twelve 


the product of two-thirds and the sum of a 
number and seven 


the difference between forty and the quo- 
tient of a number and twenty 


the sum of the square of a number and 
twice the number 


the sum of eight more than a number and 
one-third of the number 


a number increased by the total of the 
number and nine 


a number decreased by the difference 
between eight and the number 


the difference between one-third of a 
number and five-eighths of the number 


two more than the total of a number and 
five 


twice the sum of six times a number and 
seven 
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202. 


203. 


204. 


205. 


206. 


207, 
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The planet Saturn has 9 more moons than Jupiter (Source: NASA). 
Express the number of moons Saturn has in terms of the number of 
moons Jupiter has. 


According to the National Oceanic and Atmospheric Administration, 
the number of tornadoes in 1990 was 235 more than the number of 
tornadoes in 2000. Express the number of tornadoes in 1990 in terms 
of the number of tornadoes in 2000. 


A rope 12 ft long was cut into two pieces of different lengths. Use one 
variable to express the lengths of the two pieces. 


Twenty gallons of crude oil were poured into two containers of different 
sizes. Use one variable to express the amount of oil poured into each 
container. 


Two cars start at the same place and travel at different rates in opposite 
directions. Two hours later the cars are 200 mi apart. Express the dis- 
tance traveled by the faster car in terms of distance traveled by the 
slower car. 


In a recent year, Alabama produced one-half the number of pounds of 
pecans that Texas produced that same year (Source: National Agricul- 
tural Statistics Service). Express the amount of pecans produced in 
Alabama in terms of the amount produced in Texas. 


According to the Internal Revenue Service, it takes about one-fifth as 
much time to fill out Schedule B (interest and dividends) as to fill out 
Schedule A (itemized deductions). Express the amount of time it takes 
to fill out Schedule B in terms of the time it takes to fill out Schedule A. 


The diameter of a basketball is approximately 4 times the diameter ofa 
baseball. Express the diameter of a basketball in terms of the diameter 


of a baseball. 


According to the U.S. Bureau of the Census, the world population in the 
year 2050 is expected to be twice the world population in 1980. Express 
the world population in 2050 in terms of the world population in 1980. 
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APPLYING THE CONCEPTS 


211. 


212: 


213. 


214. 


215. 


216. 


217. 


W218. 


Does every number have an additive inverse? If not, which real numbers 
do not have an additive inverse? 


Does every number have a multiplicative inverse? If not, which real 
numbers do not have a multiplicative inverse? 


The chemical formula for glucose (sugar) is CgH,.O.. This formula LO 


means that there are twelve hydrogen atoms, six carbon atoms, and six hi . 
oxygen atoms in each molecule of glucose. If x represents thé H=CS0n 
number of atoms of oxygen in a pound of sugar, express the number of : 


. HO-=C-H 
hydrogen atoms in the pound of sugar. I 


= =O 
I 


Determine whether the statement is true or false. If the statement is H—-C—OH 


false, give an example that illustrates that it is false. CH,0H 
a. Division is a commutative operation. 

b. Division is an associative operation. 

c. Subtraction is an associative operation. 

d. Subtraction is a commutative operation. 

e. Addition is a commutative operation. 


A wire whose length is given as x inches is bent into a square. Express 
the length of a side of the square in terms of x. 


Xx 
ia 


For each of the following, determine the first natural number x, greater 
than 2, for which the second expression is larger than the first. 


Fe ec b. x4, 4° c. x, 5* d. x®, 6% 


On the basis of your answers, make a conjecture that appears to be 
true about the expressions x” and n*, where n = 3, 4. 5 Oyslees ond 
x is a natural number greater than 2. 


A block-and-tackle system is designed so that pulling five feet on one 
end of a rope will move a weight on the other end a distance of three 
feet. If x represents the distance the rope is pulled, express the dis- 
tance the weight moves in terms of x. 


Give examples of two operations that occur in everyday experience 
that are not commutative (for example, putting on socks and then 
shoes). 


Choose any number a. Evaluate the expressions 6a* + 2a — 10 and 
2a(3a — 4) + 10(a — 1). Now choose a different number and evaluate 
the expressions again. Repeat this two more times with different 
numbers. What conclusions might you draw from your evaluations? 
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Sets 


To write a set using the roster method 


Oy 
TUTOR WEB SSM 


A set is a collection of objects, which are called the elements of the set. The 
roster method of writing a set encloses a list of the elements in braces. 





The set of the last three letters of the alphabet is written {x, y, z}. 

The set of the positive integers less than 5 is written {1, 2, 3, 4). 

=" Use the roster method to write the set of integers between 0 and 10. 
Meet) 2374, 5,:6, 7.85 94 


A set can be designated by a capital letter. 
Note that 0 and 10 are not elements of set A. 


=> Use the roster method to write the set of natural numbers. 


A= 1. 2,34, at} e The three dots mean that the pattern of numbers continues 
without end. 


The empty set, or null set, is the set that contains no elements. The symbol © 
or { } is used to represent the empty set. 


The set of people who have run a two-minute mile is the empty set. 

The union of two sets, written A U B, is the set that contains the elements of A 
and the elements of B. 

™® Find A UB, given A = {1, 2, 3, 4} and B = BI Che 


Wa B= t.2.-3,.4,'5,.6} e The union of A and B contains all the elements of A 
and all the elements of B. Any elements that are in 
both A and B are listed only once. 


The intersection of two sets, written A M B, is the set that contains the elements 
that are common to both A and B. 


»> Find A B, given A = {1, 2, 3, 4) and B = {3, 4, 5, 6}. 


A TiB-= {3,4} © The intersection of A and B contains the elements common to A and B. 
Eample 1 You Try It 1 
Use the roster method to write the set of the Use the roster method to write the set of the 
odd positive integers less than 12. odd negative integers greater than — 10. 
Solution Your solution 


BASS eS) 57799) V1} 


Solution on p. S3 
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Mec ccc eer ee se eeeeense see soeseesaenereeeeseseseseseseosse @ 
eee eee ees e eee reer eee essere ee eee eeeeeeeseseeeeeeeee eee ees Ete eeeseeeeeerereseneeeeseee es 


1 You Try It 2 


: Example 2 
Use the roster method to write the set of the 
even positive integers. 


Solution 
caf QUAI 6 


; | Se ee ee 
Bice eee eee eee eee eee sere ese er ereoesesseeeessesereseeeseeeespeeeeeeeeeees here eeeeEeeeeeseoeeeeBESS 


You Try It 3 2 


Example 3 
Find D U E, given D = {6, 8, 10, 12} and 
fin oe Orn Onno 


Solution 
DG Eo i= 3 .—6. 6,8, 10, 12} 


Hee ee eee eee ese ees esr eee eee seo reser eee eeeee oe eS OSH HEE ES MX TT HS HEH HHO HEHE EH HEHEHE HEHEHE EE HEHEHE HEHEHE OE HEHE HEE HEHEHE EE HEHEHE 


“You Try It 4 


HExample 4 
Find A OM B, given A = {5, 6, 9, 11} and 
B= 15,9. 13, 15}. 


Solution 
Af). B = {5,9} 


fae oS O10 00 ele 06 © 0 0 6 eee 6 006 00 6 6 8 660 2 6 & 8 0 060 0 06 6 00 00 6/6 0.010 06 Oh 6 0 0 0 00 66 0 6 00 0 0 0 0 0 6 6.8.0 6.00.8 668 69 0 sb © eae sols sis seis lelelsisi susie 


“You Try It 5 


i Example 5 
Find A  B given A = {1, 2, 3, 4) and 
B= (3, 9,10, 11}. 


Solution 
Aaa) 





Point of Interest 


The symbol € was first used 
in the book Arithmeticae 
Principia, published in 1889. {x 
It was the first letter of the 
Greek word eort, which 
means “is.” The symbols for 
union and intersection were 
also introduced at that time. 








{x 


To write a set using set-builder notation 


x > 4,x © real numbers} 


Use the roster method to write the set of the 
odd positive integers. 


Your solution 


Find A U B, given A = {—2, —1, 0, 1, 2} and 
B=lOed, 28 34)3 


Your solution 


Find C MN D, given C = {10, 12, 14, 16} and 
D = (10.16.20, 26) 


Your solution 


Find AM B, given A = {—5, —4, —3, —2] and 
Be 12> 345) 


Your solution 


Solutions on p. S3 





D>, We 
@ S 
TUTOR WEB SSM 





Another method of representing sets is called set-builder notation. Using set- 
builder notation, the set of all positive integers less than 10 is as follows: 


x 


x < 10, x € positive integers}, which is read “the set of all x such that x is less 
than 10 and x is an element of the positive integers.” 


*» Use set-builder notation to write the set of real numbers greater than 4. 


e “x € real numbers” is read “x is 
an element of the real numbers.” 
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@ C 
eoe ere oe ee ewe ees ° 
ewes e reese eeens 
sec w eee ee ee eee eRe eee ee Cee eee eee eee eee ees eeeresesreeeeeseeseeoseeseeeeeseEe EES 


Example 6 s +. You Try It 6 

Use set-builder notation to write the set of Use set-builder notation to write the set of 
ie integers greater than —100. positive even integers less than 59. 
Solution Your solution 

{x|x > —100, x € négative integers} 





ee if You Try It 7 
Use set-builder notation to write the set of real Use set-builder notation to write the set of 
numbers less than 60. real numbers greater than —3. 
Solution Your solution 
{x|x < 60, x € real numbers} 





Solutions on p. S3_ 





An expression that contains the symbol >, i) S879) 
<, =, or = is called an inequality. An 





yr “is less than” 

. . a <= . . 
Petan” were inequality expresses the relative order of oh Inequalities 
y Thomas Harriot two mathematical expressions. The expres- x2 — 2x > y + 4 


ind 1630. Before that, sions can be either numerical or variable. 
and — were used for > and <, 


respectively. f : , 
An inequality can be graphed on the number line. 


| TAKE NOTE => Graph: {x|x > 1) 
_ In many cases, we The graph is the real numbers greater 
assume thatthe real than 1. The parenthesis at 1 indicates 


numbers are being used : : : 
aeAromit “7 e real that 1 is not included in the graph. 


numbers” from set 


-5-4-3-2-1 0123 4 5 





builder notation. Using = Graph: {x| eee lt 

_ this convention, 

| {|x > 1,x € real The bracket at 1 indicates that 1 is HH 

| numbers} is written included in the graph. BS A ee IO ee 
{x|a > 1}. 


= Graph: {x|x < —1] 


The numbers less than —1 are to the 


OF EE Ta Rl ee 2 3 4 
left of —1 on the number line. Dit as aoe ee ley 


The union of two sets is the set that contains all the elements of each set. 


> Graph: (x|x > 4} U {x|x < 1} 


The graph is the numbers greater than 


4 and the numbers less than 1. Pad =3 22 ON 2ean AS 
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The intersection of two sets is the set that 
both sets. 


> Graph: {x|x > —1} M {x|x < 2} 


The graphs of {x|x > —1} and {x|x < 2] 


contains the elements common to 


are shown at the right. 


—§ —4 —3 =? =1 10) S12 Se 4 


= -4 3-2-1 0 1 23 4 5 


The graph of {x|x > -—1} N {x|x < 2}is 


the numbers between —1 and 2. 


co oe eee reese eee eee seer eereeeseeseowesreeresoeeeeeeeeeeeee epee oeeeeseeeeeeeeeeeeeeeeeereseeeeseseeeeeeeeOeEeEeeEE SE 


i Example 8 
Graph: {x|x < 5} 


Solution 
The graph is the numbers less than 5. 


SB Spel 0) tl hehe ee sy 


eee ee eee eee see ee eeeeeseeeoee see ose eeeosesreeeeeeesesesese 


Example 9 
Graph tiie 3) Ul falc} 


Solution 


The graph is the numbers greater than 3 and 
the numbers less than 1. 


SSyathaS=2 =i! () a 2 eh ag 


ps i a eh Le ee er ee Co kets ot, ee hy eee ee 


Example 10 
Giapaa a tee 2) Cc. 1) 


Solution 
The graph is the numbers between —2 and 1. 


S=4) al) eh 


SUSTPr She 41ST A) 0/0 Ses) ,0)0 6)18.\010)'8- 8) 0! 6)\0) S)6) 810.00) e,[0%s 06. es) e\6, 6a; elellel s aheln: eieltione 


Example 11 
Graph: {x|x <5} U {x|x = —-3} 


Solution 
The graph is the real numbers. 


Sapa SAF (9) i) eae bs 


-5 ~4'1-3%2-1 012 3 4 5 


© You Try It 8 
Graph: {x|x > —2} 


Your solution 


Sato i yy al As ah 


ie Try It 9 


Graph: (x|4 > —1) U lain 3} 


Your solution 


=a Si i 2g 4S 


You Try It 10 
Graph: {x|x < 4} 9 {x|x = -4} 


Your solution 


SS el pe i Dl. 


Graph: {x|x < 2} U {x|x = 2} 


Your solution 


Seyi (i) ih ee ANG 


Solutions on p. S3 


Re ios ost pepe aera eee 
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1.5 Exercises 





Objective A 
Use the roster method to write the set. 


iahe integers between 15 and 22 

3. the odd integers between 8 and 18 

5. the letters of the alphabet between a and d 
7. Explain how to find the union of two sets. 


8. Explain how to find the intersection of two sets. 


Find A U B. 

Ones {3 45} B= {4, 5,6} 
11. A ={-10, —9, —8} Bew8.9.10) 
Ps Ar (ab, d) e} Bled, et} 


Piel, on, 2} Bea{7, O11 13) 


Find A 2 B. 
17.74 = (3, 4,5} B=14 5P6) 
19. A= {-4, -3, -2} Be 2,3, 4) 


pio Arab, c,d; 6} pe (c,d, e, 1,2} 


Objective B 
Use set-builder notation to write the set. 


23. the negative integers greater than —5 
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2. the integers between —10 and —4 


4. the even integers between —11 and —1 


6. the letters of the alphabet between p and v 


10. A={—3; 2-1) 


12594 — fas. by cc} 


145 A= (in, nn; psa} 


16. A={-3) 2-1} 


Ge APS a oh) 


20. As 112,354) 


D7 At me) 0, 1) 


B= [-2,e-1,.0} 
B = {x, y, z} 
B= lin neo) 


B={-1, 1, 2} 


B= {(=6, =57=-4) 
Bre. Ve poet} 


B= (k lemrn} 


24. the positive integers less than 5 
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25. the integers greater than 30 26. the integers less than —70 
27. the even integers greater than 5 28. the odd integers less than —2 
29. the real numbers greater than 8 30. the real numbers less than 57 


32.4 {alnei-41) 














SSS SS eae 
Oot 2 a3 495 a8~d 3 S721 10 ae oes eae 
34. {x|x < 4} 
rT —t+++++4+ 44+ 44 4- 
SA See sty O. 123, A iS SS 4s Bo Ao ees 
Soc = 2 (ln 4} 36. {x|x > 4} U {x|x < —2] 
———+—_ ++ +++ +--+ + + + + ——}—+—_+—_}+—_}_ +} +_ + + + > 
ae et aas to 1 256 4 45 -5-4~3 2-1 (6 Joes 
B78 (xin 2) Ant} 385 [xh 3 Nie es 
ES P4321 081 seas =5=44322-1 0° eres 
Bo le = 2) OU (xi 4) 40. {x|x > 0} U {x|x < 4} 
——_1_ +++ +++" + +> 
SS 2g) 1 eps 45S —5 4-3-2 1 6 1 oq3 ees 


APPLYING THE CONCEPTS 


41. Determine whether the statement is always true, sometimes true, or never - 
true. 
a. Given that a > 0 and b < 0, then ab > 0. 
b. Given that a < 0, then a2 > 0. 
c. Given that a > 0 and b < 0, then a2 > b. 


42. By trying various sets, make a conjecture as to whether the union of two 
sets is 
a. a commutative operation 
b. an associative operation 


43. By trying various sets, make a conjecture as to whether the intersection of 
two sets is : 


a. a commutative operation 
b. an associative operation 
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@ Focus on Problem Solving 


Inductive Reasoning Suppose you take 9 credit hours each semester. The total number of credit hours 
you have taken at the end of each semester can be described in a list of numbers. 


9718, 273736, 4074, 63.0 cu 
The list of numbers that indicates the total credit hours is an ordered list of num- 
bers, called a sequence. Each number in a sequence is called a term of the 
sequence. The list is ordered because the position of a number in the list indi- 
cates the semester in which that number of credit hours has been taken. For 


example, the 7th term of the sequence is 63, and a total of 63 credit hours have 
been taken after the 7th semester. 


Assuming the pattern is continued, find the next three numbers in the pattern 
Oe Oy eaten 

This list of numbers is a sequence. The first step in solving this problem is to 

observe the pattern in the list of numbers. In this case, each number in the list is 

4 less than the previous number. The next three numbers are —22, —26, —30. 

This process of discovering the pattern in a list of numbers is inductive reason- 

ing. Inductive reasoning involves making generalizations from specific ex- 


amples; in other words, we reach a conclusion by making observations about 
particular facts or cases. 


Try the following exercises. Each exercise requires inductive reasoning. 
Name the next two terms in the sequence. 

( Eyaly Sate gh So an Nee Leto no OF ae 

ch a Dee I ee We ia We eae 4A) B,C, GHA Mee 


Draw the next shape in the sequence. 


pecs pe by} 


Cuoco ee wileen, pees 

Solve. 

7. Convert a aa an 7? and 3; to decimals. Then use the pattern you observe to 
convert a = and = to decimals. 


8. Convert => rey ae = and 4 = 3 10 decimals. Then use the pattern you observe to 


13 decimal 
= ecimals. 
convert => = 33 and 4 33 2 to 
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es Projects and Group Activities 


Calculators Does your calculator use the Order of Operations Agreement? To find out, try 


= thi blem: 
a is proble 
ae dy 


If your answer is 30, then the calculator uses the Order of Operations Agreement. 
If your answer is 42, it does not use that agreement. yy 


Even if your calculator does not use the Order of Operations Agreement, you can 
still correctly evaluate numerical expressions. The parentheses keys, and 
L)_], are used for this purpose. 


Remember that 2 + 4-7 means 2 + (4 - 7) because the multiplication must be 
completed before the addition. To evaluate this expression, enter the following: 


Enter: 2) Ee eR Dell 7: Dalai 
Display: 12.22 Ae el 4h 28 WSO 


When using your calculator to evaluate numerical expressions, insert paren- 
theses around multiplications or divisions. This has the effect of forcing the 
calculator to do the operations in the order you want rather than in the order 
the calculator wants. 


Evaluate. 
Dat i 2193) 3053 Dey Meee dD + 24 = 6) a5 
3. 164-347 (3°-4—'5) +2 4. 15°39 4-0-6 —33)e4 


Using your calculator to simplify numerical expressions sometimes requires use 
of the key or, on some calculators, the negative key, which is frequently 
shown as [()]. These keys change the sign of the number currently in the display. 
To enter —4: 


° For those calculators with 4], press 4 and then EZ]. 
* For those calculators with [@], press and then 4, 


Here are the keystrokes for evaluating the expression 3(—4) — (—5), 


Calculators with L/-] Key ne 4 ae Ey 
Calculators with key: S) An 5 [=] 


This example illustrates that calculators make a distinction between negative 


and minus. To perform the operation 3 — (—3), you cannot enter 3 [=] [_] 3. 
This would result in 0, which is not the correct answer. You must enter 


3! hes) 6 HEl Fede Sore eeceess) (yl 3 fess 


Use a calculator to evaluate each of the following exercises. 


Deal On. 6. “3(-8) 7. 47 — (-9) 
30 (14) 9. 4 — (-3) 10. —8 + (-6)? —7 
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Addition and The chart below is an addition table. Use it to answer Exercises 1 to 7. 


Multiplication 
Properties 


Balance of Payments 


6. 


us 





. Find the sum of A and ¢. 


. What is © plus ©? 


- In our number system, 0 can be added to any number without changing that 


number; 0 is called the additive identity. What is the additive identity for 
the system in the chart above? Explain your answer. 


. Does the Commutative Property of Addition apply to this system? Explain 


your answer. 


. What is —A (the opposite of A) equal to? Explain your answer. 


What is —# (the opposite of +) equal to? Explain your answer. 


Simplify —A + + — ©. Explain how you arrived at your answer. 


The chart below is a multiplication table. Use it to answer Exercises 8 to 14. 


10. 


11. 


12. 


13. 


14. 





. Find the product of £ and &. 


. What is ¢ times £? 


Find the square of &. 


Does the Commutative Property of Multiplication apply to this system? 
Explain your answer. 


In our number system, the product of a number and 0 is 0. Is there an ele- 
ment in this system that corresponds to 0 in our system? Explain your 
answer. 


In our number system, 1 can be multiplied by any number without changing 
that number: 1 is called the multiplicative identity. What is the multiplica- 
tive identity for the system in the chart above? Explain your answer. 


Simplify & + £ X ¢. Explain how you arrived at your answer. 


An export is a good or service produced in one’s own country and sold for con- 
sumption in another country. An import is a good or service that is consumed in 
one’s own country but was bought from another country. A nation’s balance of 
trade is the difference between the value of its exports and the value of its 
imports during a particular period of time. 
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A favorable balance of trade exists when the value of the exports is greater than 
the value of the imports. In this case, the balance of trade is a positive number. 
An unfavorable balance of trade exists when the value of the imports is greater 
than the value of the exports. In this case, the balance of trade is a negative num- 
ber. An unfavorable balance of trade is referred to as a trade deficit. A trade 
deficit is considered unfavorable because more money is going out of the coun- 
try to pay for goods imported than is coming into the country to pay for goods 
exported. 


The U.S. government provides data on international trade. On the Internet, go to 
www.fedstats.gov and do a search for “balance of payments.” Find tables that 
provide data on the value of U.S. imports’and exports, All figures in the tables 
are in millions of dollars. The first two columns are annual figures. Subsequent 
columns are for quarters (3-month periods). 


We located the following data for the first quarter of the year 2000. 


Exports: Total, all countries 183,659 
Imports: Total, all countries 289,699 


We then calculated the balance of trade as follows: 
Balance of trade = value of exports — value of imports 
= hS3,099 = 2896990 
183,659 + (—289,699) 
= —106,040 


The balance of trade for the first quarter of 2000 was —$106,040 million. This 
figure is provided in the table under “Balance: Total, all countries.” 


a. Show the calculation of the balance of trade for each of the four quarters of 
last year. Use the above calculation as a model. 


b. Show the calculation of the annual balance of trade for last year. 
c. Show that the sum of the four quarterly figures is equal to the annual figure. 












at, . Chapter Summary | 
. 
> > 7 4 
. ] KeyWords = Aset is a collection of objects. The objects in the set are called the elements of the : 
, eer? set. The roster method of writing sets encloses a list of the elements in braces: 
> - A , ips55) . 
>| TAKE NOTE TT The set of natural numbers is {1} 26Ba4e-5e 6, Wed. J) *Thelset of integers is « 
S| se sere pepe (ecm MAS 13 ee eas Ont) 23s As 20}. ip. 64 ; 


| xxi provides suggestions 


a number is the opposite of the number. [p. 4] 


A | on how best to make use The empty set or null set, written @ or { }, is the set that contains no elements. : 
| of the “Chapter = 
Te b i [p. 551 
i‘ _ | Summary,” the “Chapter . 
| Review,” and_ eg : : 
Ol the “ChapieeTeae”: A number a is less than another number b, written a < b, if is to the left ofb on : 
! } ' : : 
ee the number line. A number a is greater than another number b, written a > b, if : 
oe | ais to the right of b on the number line. The symbol < means is less than or equal : 
.* . to. The symbol = means is greater than or equal to. An expression that contains : 
ox the symbol >, <, =, or < is an inequality. [pp. 3, 57] ‘ 
. « jr is 
ie, « ° 
vee e: Two numbers that are the same distance from zero on the number line but on ? 
hus opposite sides of zero are opposite numbers, or opposites. The additive inverse of : 
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The multiplicative inverse of a number is the reciprocal of the number. [p. 41 | 


ae absolute value of a number is its distance from zero on the number line. 
p. 4] 


A rational number is a number that can be written in the form i where a and b 
are integers and b # 0. An irrational number is a number that has a decimal rep- 
resentation that never terminates or repeats. The rational numbers and the irra- 


tional numbers taken together are called the real numbers. [pp. 17, 24] 


Percent means “parts of 100.” [p. 18] 


An expression of the form a" is in exponential form, where a is the base and n is 
the exponent. [p. 22] 


A square root of a positive number x is a number whose square is x. The princi- 
pal square root of a number is the positive square root. The symbol V_ is called 
a radical sign and is used to indicate the principal square root of a number. The 
radicand is the number under the radical sign. [p. 24] 


The square of an integer is a perfect square. If a number is not a perfect square, 
its square root can only be approximated. |p. 24| 


A variable is a letter that is used to stand for a quantity that is unknown or that 
varies. A variable expression is an expression that contains one or more variables. 
[p. 37] 


The terms of a variable expression are the addends of the expression. A variable 
term is composed of a numerical coefficient and a variable part. Like terms of a 
variable expression are terms with the same variable part. [pp. 37, 38} 


The union of two sets, written A U B, is the set that contains all the elements of 
A and all the elements of B. (Any elements that are in both set A and set B are 
listed only once.) The intersection of two sets, written A B, is the set that con- 
tains the elements that are common to both A and B. [p. 55] 


To add two numbers with the same sign, add the absolute values of the numbers. 
Then attach the sign of the addends. [p. 5| 


To add two numbers with different signs, find the absolute value of each number. 
Subtract the smaller of these from the larger. Attach the sign of the addend with 
the larger absolute value. [p. 5] 


To subtract two numbers, add the opposite of the second number to the first 
number. [p. 6] 


To multiply two numbers with the same sign, multiply the absolute values of the 
factors. The product is positive. |p. 8] 


To multiply two numbers with different signs, multiply the absolute values of the 
factors. The product is negative. [p. 8] 


To divide two numbers with the same sign, divide the absolute values of the num- 
bers. The quotient is positive. [p. 9| 


6.6 oa a6 6 6 OE RO 8 G6 OE O18 6 U.S 8 6 1610S BO Be ee Be 6a oe OS SOS FO CSS 8) 616) 0 BAA OEE S18) SSL e ee See a A BELO 8) e888 A) 8S. 8) O88, O OHO 8 EO 8 8 Oe SO Ow 6 Oe HOt Oe 
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To divide two numbers with different signs, divide the absolute values of the num- : 


bers. The quotient is negative. [p. 9] : 
_ * To convert a percent to a decimal, remove the percent sign and multiply - 
by 0.01. [p. 18] : 


‘To convert a percent to a fraction, remove the percent sign and multiply . 


1 
by ate: [p. 18] 


s 
al ate 


To convert a decimal or a fraction to a percent, multiply by 100%. [p. 18] 


Associative Property of Multiplication [p. 40] (a-b)-c=a-(b- Cc) 


Product Property of Square Roots [p. 25] Vab = Va- Vb : 
nll Addition Property of Zero [p. 39] aFrQ=a or 0O+4=a4 x 
; v0 3360 
4 Commutative Property of Addition [p. 39] at+b=b+a 4 
ease : ° 
‘ : 
7 o Associative Property of Addition [p. 39] aQtb)+c=a4ti(b+0C) ; 
: ° Inverse Property of Addition [p. 40] a.t+(-a)=0 or -ata= 0 st 
7 ; > ty ‘ 
1 Ps Multiplication Property of One [p. 41] GXiivsa or 1-@=a 
Commutative Property of Multiplication Gib, = bia 
[p. 41] 


Inverse Property of Multiplication [p. 41] = 


ate 


Glia 0 


Division Properties of Zero and One [p. 9] Ifa #0,0+a=0. 
a==0,a=a= 1 
@ lta 
a + 0 is undefined. 


Distributive Property [p. 38] alb +c) = ab ac 


The Order of Operations Agreement [p. 33] a, 

Step 1 Perform operations inside grouping symbols. The grouping symbols 
include parentheses, brackets, braces, absolute value symbols, and 
the fraction bar. a SS 


Step 2 Simplify exponential expressions. 


Step 3 Do multiplication and division as they occur from left to right. 





o 
° 
e 
« 
e 
es 
° 
e 
. 
. 
. 
s 
2 
° 
o 
° 
e 
e 
2 
° 
. 
s 
. 
° 
. 
. 
8 
e 
es 
- e 
o 
“8 
e 
° 
° 
° 
® 
. 
@ 
. 
. 
. 
* 
e 
e 
° 
° 
. 
° 
* 
° 
° 
e 
o 
° 
e 
oe 
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Step 4 Do addition and subtraction as they occur from left to right. 
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11. 


13. 


15. 


17. 


— Chapter Review 


Let x € {—4, 0, 11}. For what values of x 
is the inequality x < 1 a true statement? 


Evaluate —|—5]. 


Subtract: 16 — (—3) — 18 


Divide: —100 + 5 


Write 6.2% as a decimal. 


. 7. oe a 
Simplify: Bee eGGh > 
ae 18.17 

Divide: eT 


5\4 
Evaluate (-2) : 


Simplify: —3V 120 


10. 


2, 


14. 


16. 


18. 


Chapter Review 67 


Find the additive inverse of —4. 


Add 307 4(—12)i 6 43(--4) 


Multiply: (—6)(7) 


ney: ; 
Write 35 aS a decimal. 


eee) 
Write gasa percent. 


Subtract) 5:17°— 6/238 


Multiply: 4.32(— 1.07) 


Simplify: 2V 36 


Evaluate —32 + 4[18 + (12 — 20)]. 


68 


19. 


21; 


23. 


25 


Pf 


29: 


30. 


ole 


o2, 


33. 


Chapter 1/ Real Numbers and Variable Expressions 


Evaluate (b — a)? +c whena = —2, 


b= 3eand c=: 


Simplify 3(—- 127) 


Simplify: —4(2x — 9) + 5(3x + 2) 


Use the roster method to write the set of 
odd positive integers less than 8. 


Graph: {x|x > 3] 


SSS 
Sp Shaya = OW Wo 2 go 4 5 





20. 


22: 


24. 


26. 


28. 


Simplify: 6a — 4b + 2a 


Simplifys 5x7) 


Simplify; 5[2 =3(6. =) 


ie . 


Find A  B, given A = [1, 5, 9, 13} 
and.p = {1,5 5.74.9). 


Graph {x|x = 3} U {x|x < —2]}. 
SS 


ie oO eee ee 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 6 points for a correct answer, —4 points for an incorrect answer, 
and —2 points for leaving a question blank. What is the score for a student 
who had 21 correct answers, had 5 incorrect answers, and left 4 questions 





blank? 
The circle graph shows the amount of candy consumed by Ameri- 0.5 billion 
cans during a recent year (Source: Candy USA). What percent of the pounds 


candy consumed was chocolate? Round to the nearest tenth of a 


percent. 


Translate “the difference between twice a number and one-half of 
the number” into a variable expression. Then simplify. 





A baseball card collection contains five times as many National League 
players’ cards as American League players’ cards. Express the number of 
National League players’ cards in terms of the number of American 


League players’ cards. 


A club treasurer has some five-dollar bills and some ten-dollar bills. The 
treasurer has a total of 35 bills. Express the number of five-dollar bills in 


terms of the number of ten-dollar bills. 
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11. 


T3. 


15. 


17. 


@ Chapter Test 


Place the correct symbol, < or >, between 
the two numbers. 


=2, ~=40 


Evaluate —|—4|. 


Add: —22 + 14 + (-8) 


Divide: —561 = (—33) 


Write 45% as a fraction and as a decimal. 


Multiply: 6.02(—0.89) 


Evaluate + - (4) 
Evaluate 16 + 2[8 — 3(4 — 2)] + 1. 


Simplify: 3x — 5«+ 7x 


10. 


12. 


14. 


16. 


18. 


Chapter Test 69 


Find the opposite of —4. 


Subtract: 16 — 30 


Subiracts16'— (30). 142 


5 it P 
Write 9 asa decimal. Place a bar over the 


repeating digit of the decimal. 


2 i 
Add: _ aie 15 


Divide: oat :) 


Simplify: —2V45 


Evaluate b? — 3ab when a = 3 and b = —2. 


Simplify: 5(10x) 


70 


19. 


21. 


IZ, 


25. 


27. 


28. 


30. 


Chapter 1/ Real Numbers and Variable Expressions 


Simplify:'—3(2a" = 7y>) 20: Sunphity: 2%. — 3,2) 


Simplify: 2%+ 3/4 — (3x = 7)] 22. Use the roster method to write the set of 
integers between —3 and 4. 


Use set-builder notation to write the set of 24. Find A UB givenA * {1, 3,5, 7} and 
real numbers less than —3. B={2)4) 6, 8}. 
Graph {x|lx < 1}. : 26. Graphixix=—3h0 (ice 0) 
St et 
SS 4-8-7 a) 0 1 3 oS ~§ =4.=3.2 oO 2 aes 


Translate “ten times the difference between a number and 3” into a vari- 
able expression. Then simplify. 


The speed of a pitcher's fastball is twice the speed of the catcher’s return 
throw. Express the speed of the fastball in terms of the speed of the return 
throw. 


EF 





The table at the right shows the U.S. balance of trade, in billions 

of dollars, for the years 1980 to 2000 (Source: U.S. Dept. of 

Commerce). See the Projects and Group Activities for a discus- 

sion of balance of trade. 

a. In which years did the trade balance increase from the pre- 
vious year? 

b. Calculate the difference between the trade balance in 1990 
and that in 2000. 

c. During which two consecutive years was the difference in 
the trade balance greatest? 

d. How many times greater was the trade balance in 1990 than 
in 1980? Round to the nearest whole number. 


e. Calculate the average trade balance per quarter for the year 
2000. 


The boiling point of mercury is 356.58°C. The melting point of 
mercury is —38.87°C. Find the difference between the boiling 
point and the melting point of mercury. 


Year Trade Balance 
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Objectives” 


Chapter 





Section 2.1 


A To determine whether a given number is a 
solution of an equation 


To solve an equation of the form x + a= b 
To solve an equation of the form ax = b 


To solve application problems using the 
basic percent equation 


OAD 


Section 2.2 


A To solve an equation of the form ax + b=c 


To solve an equation of the form 
ax+ b=cx+d 


B 
C To solve an equation containing parentheses 
D 


To translate a sentence into an equation and 
solve 


Section 2.3 


A. To solve value mixture problems 
B To solve percent mixture problems 
C_ To solve investment problems 

D To solve uniform motion problems 


Section 2.4 


A To solve an inequality in one variable 
B To solve a compound inequality 
C To solve application problems 


Section 2.5 


A To solve an absolute value equation 
B To solve an absolute value inequality 
C To solve application problems 


xtWie Need help? For on-line student resources, such as section 
» quizzes, visit this textbook’s web site at 


WEB college.hmco.com/students. 


First-Degree 
Equations and 
Inequalities 





To ensure that heavy equipment, such as a truck 
transmission, functions properly, each component must be 
built precisely to the manufacturer's specifications. For 
example, the thickness and length of the teeth in a gear is 
specified. A vernier dial caliper, as shown above, is used to 
measure the components to the nearest thousandth of an 
inch. A slight variance from the given measurement is 
allowed. This margin of error is known as tolerance. Given 
the tolerance of a component, you can calculate the upper 
and lower limits, or the maximum and minimum allowable 
measurements. This is illustrated in Exercises 91—96 on 
pages 131 and 132. 


- = ss " 9 a 
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Objective A 


c?. This equation, stated 
by Albert Einstein, shows that 
there is a relationship between 
mass m and energy £. As a 
side note, the chemical 
element einsteinium was 
named in honor of Einstein. 


TAKE NOTE 


Section 2.1 / Introduction to Equations 73 


Introduction to Equations 


To determine whether a given number VIDEO. 
is a solution of an equation x DVD) 





An equation expresses the equality of 9+-3 = 12 

two mathematical expressions. The expres- Sea ae LO cat 

sions can be either numerical or variable yet 4S 2y— 1 ager 
expressions. z=2 

The equation at the right is true if the vari- x+8=13 

able is replaced by 5. ois a: eae 0, A true equation 
The equation is false if the variable is re- Je+r3.—= 13 A false equation 
placed by 7. 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13.7 is nota 
solution of the equation x + 8 = 13. 


™ Is —2 a solution of 2x + 5 = x? — 3? 


2h = 3 


_ The Order of Operations 2h tees| hk 2b e Replace x by —2. 
_ Agreement applies to A: 4S e Evaluate the numerical expressions. 
_ evaluating 2(—2) + 5 (ea e Ifthe results are equal, —2 is a solution of 
pean (G-2)2 13: : 
Yes “=23 ahi ' the equation. If the results are not equal, 
— ripe eee —2 is not a solution of the equation. 
the equation. 
Example 1 Is —4 a solution of ia Try It 1 
ay se ? 
<: aete enti ial Is + a solution of 5 — 4x = 8x + 2? 
Solution Be 2 = ON tee Your solution 
5(-4) — 2 | 6(-4) + 2 
—20 —-2 | -24+2 
=—22 = —22 
Yes, —4 is a solution. 
se, 2 Is —4a solution of his Try It 2 Is 5 a solution of 
7 Ne dy Ee 10x — x2 = 3x — 10? 
Solution Aare Se ed Your solution 
4 + 5(—4) | (—4)? — 2(-4) 
4 + (=20) |_16— (8) 
—16 # 24 
(# means “is not equal to”) 
No, —4 is not a solution. Sclgnonsede 63 


74 Chapter 2 / First-Degree Equations and Inequalities 


Objective B 





mathe atics for thousands of 
years. However, the equals 
sign did not occur in any text 
until 1557. 


| TAKE NOTE 
Think of an equation as 
_ abalance scale. If the 

_ weights added to each 


not the same, the “pans” 
no longer balance. 








To solve an equation of the form x + a= b 


To solve an equation means to find a solution of the equation. The simplest 
equation to solve is an equation of the form variable = constant, because the 
constant is the solution. 


The solution of the equation x = 5 is 5 because 5 = 5 is a true equation. 


The solution of the equation at the x+2=9 7+2=9 

right is 7 because 7 + 2 = 9 is a true to 

equation. 

Note that if 4 is added to each side of <a) = 9 

the equation x + 2 = 9, the solution x+2+4=94+4 

is still 7. x+6=13 1 Sage: 
If —5 is added to each side of the c+2=9 

equation x + 2 = 9, the solution is x+2+(=5) =9+4 (5) 

still 7. x-3=4 Lie eae 


Equations that have the same solution are equivalent equations. The equations 
x+2=9,x + 6 = 13, and x — 3 = 4 are equivalent equations; each equation 
has 7 as its solution. These examples suggest that adding the same number to 
each side of an equation produces an equivalent equation. This is called the 
Addition Property of Equations. 


Addition Property of Equations 


The same number can be added to each side of an equation without changing its solution. 
In symbols, the equation a = bhas the same solution as the equationa+c=b+e. 





In solving an equation, the goal is to rewrite the given equation in the form 
variable = constant. The Addition Property of Equations is used to remove a term 


from one side of the equation by adding the opposite of that term to each side of 
the equation. 


m Solve: x — 4=2 


x-4=2 *® The goal is to rewrite the equation as variable = constant. 
x-4+4=2+4 ¢ Add 4 to each side of the equation. 
XE 0=.6 © Simplify. 
x=6 ® The equation is in the form variable = constant. 


Check = Ae? ' 
O42 
2=2 


A true equation 


The solution is 6. 


Because subtraction is defined in terms of addition, the Addition Property of 


Equations also makes it possible to subtract the same number from each side of 


an equation without changing the solution of the equation. 
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3 1 
Ear : So 
Solve: ay 5 


ye S =. a © The goal is to rewrite the equation in the form 
Gl) variable = constant. 
“ 3 ai 3 = i = 3 3 : ; 
mM fara ee ¢ Subtract i from each side of the equation. 
PieD ae 
Vachali Toe © Simplify. 
tae -s ¢ The equation is in the form variable = constant. 


: ; I ; , 
The solution is — re You should check this solution. 


eee eee eee see eae eee esse eeneeeeeeeeeeoeeseeeeseeeeeeeeeeestesseeseeeseeeseseseseseeeseeesseeseeeeesseeeeeeeeeseeeeese 


Example 3 You Try It 3 
: es ot goes ee 
Solverx +7 =3 OMS 7s = 
: Aer : 
Solution je Se wi = 3 Your solution 
3 5 1 3 
a 
4 4 3 4 
4 9 
+0 =—-— 
eee 19% {5 
5 ea 
12 
The solution is 8 


Solution on p. S4 


6, Why \ 
©. * To solve an equation of the form ax = b ) wy W LY. 


The solution of the equation at the right 2x = 6 2652 = 6 
is 3 because 2 - 3 = 6 is a true equation. 





2x = 6 
Note that if each side of 2x = 6 is multi- 5(2x) = 5-6 
plied by 5, the solution is still 3. 10x = 30 10-3 = 30 
2x = 6 
If each side of 2x = 6 is multiplied by —4, (—4)(Q2x) = (-4) - 6 
the solution is still 3. —8x = —24 —§-3= —-24 
The equations 2x = 6, 10x = 30, and —8x = —24 are equivalent equations; each 


equation has 3 as its solution. These examples suggest that multiplying each side 
of an equation by the same number produces an equivalent equation. 


Multiplication Property of Equations 
Each side of an equation can be multiplied by the same nonzero number without changing 


the solution of the equation. In symbols, if c # 0, then the equation a = bhas the same 
solutions as the equation ac = be. 
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The Multiplication Property of Equations is used to remove a coefficient by mul- 
tiplying each side of the equation by the reciprocal of the coefficient. 


=> Solve: oy =9 


4 

3 . - 

Ae = 9 © The goal is to rewrite the equation in the form variable = constant. 
4 3 4 4 
eat Ge ¢ Multiply each side of the equation by =. 
3° 4" 3 ply q V3 

1-z=12 © Simplify. | 
z= 12 © The equation is in the form variable = constant. 


The solution is 12. You should check this solution. 


Because division is defined in terms of multiplication, each side of an equation 
can be divided by the same nonzero number without changing the solution of the 
equation. 


™> Solve: 6x = 14 


TAKE ~ o o Ez 6x = 14 ¢ The goal is to rewrite the equation in the form variable = constant. 
6x 14 
eae to check the Bee rae ¢ Divide each side of the equation by 6. 
| Check: 6x.= 14 al deg et :. we , 
o(?) [14 x= 3 © Simplify. The equation is in the form variable = constant. 
6\5 14 


3 


=> Hi 
eae: The solution is a 
When using the Multiplication Property of Equations, multiply each side of the 
equation by the reciprocal of the coefficient when the coefficient is a fraction. 
Divide each side of the equation by the coefficient when the coefficient is an 
integer or decimal. 
eh 4 hi: Try It 4 
Solve: a = -9 Solve: -= =6 
oe 
Solution ee =9 Your solution 
4 Se.) A 3x 3 
a4? a |F- 3 
x=-12 
The solution is —12. 
Faia 7, poolve: a4 = x= .12 Pe Try It 5 Solve 4a 8x16 11 nn 
Solution ie 9x = 12 Your solution . 
—4x = 12 © Combine like terms. 
=4x_ 12 
An 4 
SR tet} 


The solution is —3., 


Solutions on p. S4 
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Objective D 


agpotecnaranarieeeeeeoounainin ess nears 


TAKE NOTE 
We have written 
P(80) = 70 because that — 
is the form of the basic 
. j 

‘percent equation. We | 
_ could have written | 
| 

| 

i 

/ 


Pi hESC SRE ONIE ACS 


_ 80P = 70. The important 


point is that each side of — 
_ the equation is divided 

| by 80, the coefficient 
i of P. 







e right, 172,841 of 

ters registered 
yere Labrador retrievers. Listed 

below are the next most 

popular breeds and their 

registrations. 

Golden retrievers: 66,300 

German shepherds: 57,660 

Dachshunds: 54,773 

Beagles: 52,026 
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WW he 
ss 
WEB \/ssu 


An equation that is used frequently in mathematics applications is the basic per- 
cent equation. 


To solve application problems VIDEO, 
using the basic percent equation 





Basic Percent Equation 


Percent - Base = Amount 


Po B= A 





In many application problems involving percent, the base follows the word “of.” 


=> 20% of what number is 30? 


PB PIA e Use the basic percent equation. 
0.20B = 30 © P= 20% = 0.20, A = 30, and Bis unknown. 
0.20B 30 
020 _ 0.20 © Solve for B. 
B= 150 


The number is 150. 


=> 70 is what percent of 80? 


Peg Biz A © Use the basic percent equation. 
P(80) = 70 e B=80, A= 70, and Pis unknown. 
P(80) 70 
inp = 80 © Solve for P. 

(Pra Rss) e The question asked for a percent. 
P= Wha Convert the decimal to a percent. 


70 is 87.5% of 80. 


=» During a recent year, nearly 1.2 million dogs or litters were registered with the 
@ imencan Kennel Club. The most popular breed was the Labrador retriever, 
’ with 172,841 registered (Source: American Kennel Club). What percent of 
the registrations were Labrador retrievers? Round to the nearest tenth of 


a percent. 


Strategy To find the percent, use the basic percent equation. 
B = 1.2 million = 1,200,000; A = 172,841; P is unknown. 


Solution P-B=A 
P(1,200,000) = 172,841 
P(1,200,000) _ 172,841 

1,200,000 — 1,200,000 
P ~ 0.144 = 14.4% 





Approximately 14.4% of the registrations were Labrador retrievers. 
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In most cases, you should write the percent as a decimal before solving the basic 
percent equation. However, some percents are more easily written as a fraction. 


For example, 


1 1 
— Of a= ae 
333% 3 


eect eereceererce eee eee ese eee e ee ee sees e eee eeeeee eee er eseses 


Example 6 


124s 335% of what number? 


Solution 

P-B=A 
il te 1 
go te a 
1 

Sea — 5 ly 
3 
B= 36 


1 
12 is 335% of 36. 


BS? 2 (6) ev) esis mia els) 4 wie s\8)/6: © © 010 6)6) 60 6 0 © 16 010) 6 00, ules 0.6) 6 6 0 010 06 6 © 6 6.4 


Example 7 

© In a recent year, 238 U.S. airports 

” collected $1,100 million in passenger 
taxes. Of this amount, $88 million was spent 
on noise reduction. What percent of the 
passenger taxes collected was spent on noise 
reduction? 





Strategy 

To find the percent, solve the basic percent 
equation using B = 1,100 million and 

A = 88 million. The percent is unknown. 


Solution 
P-B=A 
P(1100) = 88 
P(1100) _— 88 
1100 1100 
P = 0.08 


8% of the passenger taxes collected was spent 
on noise reduction. 


2 2 
Oo 
667% 3 


2 oh 1 ik, 
— =— —% = — 
163% 6 8357 


Be Try It 6 


18 is 165% of what number? 


Your solution 


‘ Try It 7 

.% The total revenue for all football bowl games 
” in 2000 was $158.3 million. (Source: San 

Diego Union-Tribune, January 18, 2001). Of that 
amount, the Big Ten conference received 
$22.45 million. What percent of the total revenue 
did the Big Ten conference receive? Round to the 
nearest tenth of a percent. 


Your strategy 


Your solution 


Solutions on p. S4 
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2.1 Exercises 







Objective A 


“, 1. What is the difference between an equation and an expression? 


4 2. How,can you determine whether a number is a solution of an equation? 











3. Is 4a solution of 4. Is 3a solution of 5. Is —1 a solution of 
ie oe yea 4 = 7? 2b == 1 =" 32 

6. Is 5a solution of 7. Is 4a solution of 8. Is 0a solution of 
2x 3 = 3x? 3y — 4 = 2y? 4a +5 = 3a + 5? 

9. Is 3a solution of 10. Is 2 a solution of 11. Is —1 a solution of 
ge = 4+ 32? 2e7 1 = 44 = 1? y2-1=4y + 3? 

12. Is —2 a solution of 13. Is 5a solution of 14. Is —6a solution of 
m?—4=m + 3? ee ie (Xe a)2? (n= 2)? = n= 4nee ae 

1 : 2 ‘ 3 : 

15. Is 5a solution of 16. Is a solution of i7els ae solution of 

4y+1= 3? 5m + 1 = 10m — 3? Sys eon 


Objective B 


-% 18. How is the Addition Property of Equations used to solve an equation? 


sc, 19. Explain why the goal in solving an equation is to write the equation in the 
form variable = constant. 


Solve and check. 


22) b= 4 = 23 Oe 


II 
‘© 


20. x+5=7 21. y+3 


| 


24: 2-4= 8 25. 54% = 12 26. bD+7=7 27. Wat esa-S 
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28. 


32: 


36. 


40. 


44. 


48. 


De 


54. 


Dis 


60. 


Objective C 


i) 29. 

Oss 33. 

b-5=-3 37 

De ect | 41. 

(P= 3} Se yp 45. 
aS 
x= === 
OMS 
ptt seh, 
4 
Ree wae 
By 8} 


d + 1.3619 = 2.0148 


e926 t = —1,042 






equation? 
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x-6=-3 30. 
Pealetrcet 34, 
Moi eee 38. 
ey at 42. 
Pay SLAs 46. 
5 1 
AS ee ee 
Su ta ae 
1 1 
52 (poy alee 
Pin Bk 
5 1 
Sa ee 
Bee ae 


a ae 

OF a — —s 

4-+—x = 10 

A s= 7, = Ili 

4=-10+b5) 
50. 
53. 
56. 


58. w+ 2.932 = 4.801 


61. 6.149 = —3.108 + z 


¥4 63. How is the Multiplication Property of Equations used to 


59. 


62. 


31% 


Bey 


EIS). 


43. 


47. 


ce tal 


10+y= —-4 


OF a0 


= 6 SVs 


=] =e 


WI ry 


=0:813 + x= = 12096 


5.237 = 2.014 ae 


solve an 
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number that multiplies each side of the equation be nonzero? 


Solve and check. 


63.>* 5x =4'15 


69. =—3x 5.6 
73 20 a 
Uh () = Sar 


b 
3 ——=6 
85 3 
89. -=m = 2 
—4x 
. —=-12 
93 5 
Sie 
2 
97 a 
Leip seeks 
101. a ery; 


66. 


70. 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


4y = 28 67 
—5m = 20 71. 
$83 2r 75. 
0=-8a 79. 
aD 83. 
3 

*y =9 87. 
ZN) 91. 
3 

~6=-2y 95. 
3 == 99. 
~fy=-5 103. 


Oo 


—32 = ow 


—32 = —4y 


1 
—15= ac 


68. 


72. 


76. 


80. 


84. 


88. 


Pee 


96. 


100. 


104. 


2a 


1 
ge a) 


—56.= 1% 


—54 = 6c 


81 
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105. =m = 2 106. 5x + 2x = 14 107. 32 + 2n = 20 108. 7d — 4d =9 
x Ze 
= _ —_ = ———-( = i Laas —7.88 
109. 10y — 3y = 21 110, 24-5749 111. 146 CRPAS 112 395 
V1 
113. 3.47a = 7.1482 114. 2.31m = 2.4255 115. 3.745 = 7-581 116. 5 65 = 9.08 


Objective D 





Employee A had an annual salary of $22,000, Employee B had an annual 
salary of $28,000, and Employee C had an annual salary of $26,000 
before each employee was given a 5% raise. Which of the three employ- 
ees’ annual salaries is now the highest? Explain how you arrived at your 
answer. 


Each of three employees earned an annual salary of $25,000 before 
Employee A was given a 3% raise, Employee B was given a 6% raise, and 
the Employee C was given a 4.5% raise. Which of the three employees’ 
annual salaries is now the highest? Explain how you arrived at your 


answer. 
119. What is 35% of 80? 120. What percent of 8 is 0.5? 121. Find 1.2% of 60. 
122. 8 is what percent of 5? 123. 125% of what is 80? 124. What percent of 20 is 30? 


125. 12 is what percent of 50? 126. What percent of 125 is 50? 127. Find 18% of 40. 


128. What is 25% of 60? 129. 12% of what is 48? 130. 45% of what is 9? 


131. 12 is what percent of 6? 132. 20 is what percent of 16? 133. 52% of what is 21? 
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1 
134. 375% of what is 15? 135. Find 15.4% of 50. 136. What is 18.5% of 46? 
137. 1 is 0.5% of what? 138. 3 is 1.5% of what? 139. =% of what is 3? 
14 a) i 
0. 5 % of what is 3? 141. Find 125% of 16. 142. What is 250% of 12? 
143. 16.43 is what percent of 20.45? Round to 144. Find 18.37% of 625.43. Round to the near- 
the nearest hundredth of a percent. est hundredth. 


145. A university consists of three colleges: business, engineering, and fine 
arts. There are 2900 students in the business college, 1500 students in 
the engineering college, and 1000 students in the fine arts college. What 
percent of the total number of students in the university are in the fine 
arts college? Round to the nearest percent. 


146. Approximately 21% of air is oxygen. Using this estimate, determine how 
<a many liters of oxygen there are in a room containing 21,600 L of air. 


147. The graph at the right shows the causes of death for all police Tabet 

om) officers killed in the line of duty during a recent year (Source: Illness 

International Union of Police Associations). What percent of the \ 
deaths were due to traffic accidents? Round to the nearest tenth of 
a percent. 


148. According to the Centers for Disease Control and Prevention, 

ee) 30.8% of the adult population of Kentucky smokes. How many 
adults in Kentucky smoke? Use a figure of 3,000,000 for the num- 
ber of adults in Kentucky. 





149. During a recent year, 276 billion product coupons were issued by manu- 
om) facturers. Shoppers redeemed 4.8 billion of these coupons (Source: NCH 
NuWorld Consumer Behavior Study, America Coupon Council). What 
percent of the coupons issued were redeemed by customers? Round to 


the nearest tenth of a percent. 


150. At least 665% of the Senate must vote to override a presidential veto. 


a There are 100 senators in the Senate. What is the minimum number of 
' votes needed to override a veto? 


84 


151. 


152. 


153. 


154. 
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The graph at the right, based on data from Forrester poe 
Research, shows the percent share of the global e-commerce ee 


market for various regions of the world. The total projected 
revenues for e-commerce business in 2004 is $7500 billion. 
How many billion dollars more is Western Europe’s share 
than Latin America’s share? 


Suppose that 125 million people saw a particular 30-second 
commercial for a soft drink during Super Bowl XXXV. The 
cost for that commercial was approximately $2.2 million. 


a. If the soft drink manufacturer makes a profit of $.08 for each can ' 


sold, what percent of the people watching that commercial would 
have to buy one can of that soft drink for the company to recover the 
cost of the one commercial? 

b. What percent of the people watching the commercial would have to 
purchase one six-pack of the soft drink for the company to recover 
the cost of the commercial? Round to the nearest tenth of a percent. 


In a recent year, 53.5 million children were enrolled in kindergarten 
through 12th grade in the United States. Of those enrolled, 47.5 million 
were enrolled in public school (Source: Department of Education). 
What percent of the children enrolled in school were enrolled in private 
school? Round to the nearest tenth of a percent. 


On average, a person uses 13.2 gal of water per day for showering. This 
is 17.8% of the total amount of water used per person per day in the 
average single-family home. Find the total amount of water used per 
person per day in the average single-family home. Round to the nearest 
whole number. 


APPLYING THE CONCEPTS 


155. 


156. 


157. 


(158. 


159. 


Solve the equation ax = b for x. Is the solution you have written valid for 
all real numbers a and b? 


a. Make up an equation of the form x + a = b that has 2 as a solution. © 
b. Make up an equation of the form ax = b that has —1 as a solution. 


3x + 2% = 
ee = 


Solve. a. =-—2 2 


SR |h 


Write out the steps for solving the equation 5H = —3. Identify each 


Property of Real Numbers or Property of Equations as you use it. 


If a quantity increases by 100%, how many times its original value is the 
new value? 







Learn 


Rest of 
the world 
1% 
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Point of Interest 


Evariste Galois, despite being 
killed in a duel at the age of 
21, made significant 
contributions to solving 
equations. In fact, there is a 
branch of mathematics called 
Galois Theory showing what 
kinds of equations can and 
what kinds cannot be solved. 


5 
4° =A 2th 
3 , : 
nm aa) rede — oe 2 © Add 2 to each side of the equation. 
Eb =-9 © Simplify 
4 } 
4 
< ; =x = =(-9) e Multiply each side of the equation by 3 
f= —12 © The equation is of the form variable = constant. 
Check: e Check the solution. 
eo) ate eae 
== —TT e A true equation 
The solution is —12. 
Peete solve 30> 1 =—5 YouTrylt1 Solve: 5x + 7 = 10 
Solution Shy es Your solution 
3xn —74+7=-5+7 
SS a4 
ae 
3 5) 
sm 
ir3 


: ae 
The solution is =. 
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General Equations 


To solve an equation of the form ax + b=c 





Ti WW 
SEH 
TUTOR WEB SSM 


In solving an equation of the form ax + b = c, the goal is to rewrite the equation 
in the form variable = constant. This requires the application of both the Addi- 
tion and the Multiplication Properties of Equations. 





=> Solve: =x —2=-11 


The goal is to write the equation in the form variable = constant. 





4 
Solution on p. S4 
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4 Example 2 You Try It 2 
Solve: 5 = 9 — 2x Solve: 2.= 11 + 3x 


Solution Your solution 
5 =9 — 2x 
5-9=9-9-—2x 
—4 = -2x 
eee ek 
oe 
2=x 


The solution is 2. 


Bsivihigs Ces ate FEM Re aan Oia ein vt oad Sebaimie hi Swe TD LA ES CRAM ew occ a 5 ER GOREN ee POS cow ala ne nn 
ey ooeesreeoececn eee sco ee eC CHO HOCH HEH OMS HH OBOE TEE HOH OHO CTH OOM CSE Cee EHC CCC OOH OCHO OOOO OEE HEC POO HOO HTH OHO Oe OOS 


“Example 3 “You Try It 3 


Solve: 2x + 4 — 5x = 10 Solve: x — 5 + 4x = 25 
Solution Your solution 
2x + 4: 57 = 10 
—3xX +4 =.10 ¢ Combine like terms. 

—3x+4-4=10-4 

—3x = 

aoe RO 

ee as 

5 hi ays 


The solution is —2. 
Solutions on p. S4 


To solve an equation of 
the form ax + b= cx + d 





=> NW 
TUTOR WEB iA. 


In solving an equation of the form ax + b = cx + d, the goal is to rewrite the 
equation in the form variable = constant. Begin by rewriting the equation so 
that there is only one variable term in the equation. Then rewrite the equation so 
that there is only one constant term. 





™® Solve: 2x +3 =5x -—9 
2x,+3 = 5x -—9 


2k "Oia 3 = 54 = 5G =. 9 ¢ Subtract 5x from each side of the equation. 
—3x +3=-9 © Simplify. f 
—3x +3 -—-3=-9-3 ° Subtract 3 from each side of the equation. 
73x = 12 © Simplify. 
ei! = pale ° Divide pr side of the equati 
5 es quation by —3. 
x=4 ° 


The equation is in the form variable = constant. 


The solution is 4. You should verify this by checking this solution. 
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“Example 4 
Solve: 4x — 5.=.8x — 7 


Solution 
4x —5 = 8x -—-7 
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ee eee see ease ees 
cee eee eee eee em seen eeereseeeeeseeeeeeeseeeeseeeseeeeeseeeseeseeeeeeeeeeese 


= You Try It 4 
Solve: 5x + 4=6+ 10x 


Your solution 


4x — 8x —5 = 8x — 8x — 7 


SA 5 7 


S40 5 > 5 —7 + 5 


Box 2 
cages 
-4 -4 
Hebe th 
2 


; =e. 
The solution is 


eeceoeceecesneceeeeeee ee eeoeseeeseeeemmesecceoececoce ese ee eee e reese eeeeereseesEeseeeeeeeeeeeese & 


/Example 5 'You Try It 5 
Solve: 3x + 4 — 5x =2 -— 4x Solve: 5x — 10 — 3x = 6 — 4x 
Solution Your solution 


ay A= Ox = 2 4x 


—2x +4=2- 4x 


2x +4x+4=2- 4x + 4x 


2x +4=2 
2x +4-4=2-4 
2x = -2 
ie aia 
2 Z 
a= 1 


The solution is —1. 


Objective C 


Solutions on p. S4 





» & > 
“ TUTOR WEB SSM 


When an equation contains parentheses, one of the steps in solving the equation 
requires the use of the Distributive Property. The Distributive Property is used to 
remove parentheses from a variable expression. 





To solve an equation containing parentheses 
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=» Solve: 4 + 5(2x = 3) = 3(4« = 1) 


4 5 (2x 3) = 3 (44.11) 
4 se tOKr shee © Use the Distributive Property. Then simplify. 
UES VB 31s ores. 
1002s = 1 bewl2e = 1243 e Subtract 12x from each side of the equation. 
=) — 1lr=-—3 © Simplify. 
=o We Ne Set 


Add 11 to each side of the equation. 


—2x = 8 © Simplify. 

ma 

= = * © Divide each side of the equation by —2. 
x=-4 ¢ The equation is in the form variable = constant. 


The solution is —4. You should verify this by checking this solution. 






f. PPO cate ae SInreEh Sie Viet, Shei af 100aje,sfatalei els. staid b's vo mueidi wie. Sige 6 diate aretaiwcote Mike te eee 
i Example 6 © You Try It 6 

Solve; 3x —4(2 — x) = 3@—2)-4 Solver 5x1 = 4G — 22) = 2(3% = 2)-96 

Solution Your solution 


BA 4(22= x) = 3(c = 2) = 4 
3x —-8 + 4x = 3x —6-4 
ite Oe 3 1 () 
ee Nee eo 3x. 1 () 


4x — 8 = —10 
tiesto = lO 8 
4x = —2 
Ab ew 
ar 
a | 
a 


: . | 
The solution is a 


Solution on p. S5 
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Example 7 


‘Solve: 3[2 — 4(2x — 1)] = 4x — 10 





ee 
ee else ewes cevescsiocceeesces ce : yeoeceeevocse 
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eee eee eee eee eee este sees oseeeooeeeeeseneeesee 


= You Try It 7 


Solve: =2/3x%1-15(2%.=73)] = 3x — 8 


Solution 
Bie 42x 1) S Anen0 Your solution 
3[2 — 8x + 4] = 4x — 10 
3[6 — 8x] = 4x — 10 
Le = 24x = 4x — 10 
18 — 24x = 4x = 4x — 4x — 10 
Lor 265 = — 10 
fer18. = 28% = —10.— 18 
=28x% = —28 
FIONN 2ZS 
—28 -28 
x=1 


The solution is 1. 


Objective D 






to the one on this page 
hav '@ appeared in textbooks for 
hundreds of years. Here is one 
from a 1st-century Chinese 
textbook: “When a number is 
divided by 3, the remainder is 
2; when it is divided by 5, the 
remainder is 3; when it is 
divided by 7, the remainder is 
2. Find the number.” There are 
actually an infinite number of 
solutions to this problem. See 
if you can find one of them. 


To translate a sentence 
into an equation and solve 





ae 


Solution on p. S5 


Panis Ww P 
“GD. mh < 
TUTOR WEB SSM 


An equation states that two mathematical expressions are equal. Therefore, to 
translate a sentence into an equation requires recognition of the words or 
phrases that mean “equals.” Some of these words and phrases are listed below. 


equals is 


totals 


is the same as 


“® Translate “five less than four times a number is four more than the number” 


into an equation and solve. 


the unknown number: 1 





five less than four more 
four times a 1S than the 
number number 





An— 5 =n +4 
4n —n-5=n-n+4 


31 = oS 

Sie toe ke OD 
3n = 9 
oe 
ee 3 
ti=93 


The number is 3. 





© Assign a variable to the 
unknown number. 


e Find two verbal expressions 
for the same value. 


¢ Write an equation. 


© Solve the equation. 





© Check: 
5 less than 4 more 
4 times 3 than 3 
A 3+4 
12—5 7 
7=7 
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TAKE NOTE 
_ The sum of two numbers 
| is 10. 


Many of the applications of mathematics require that you identify an unknown 
quantity, assign a variable to that quantity, and then attempt to express another 


unknown quantity in terms of that variable. 


Suppose we know that the sum of two 
numbers is 10 and that one of the two 
numbers is 4. We can find the other 
number by subtracting 4 from 10. 


Now suppose we know that the sum 
of two numbers is 10, we don’t know 
either number, and we want to express 
both numbers in terms of the same vari- 
able. Let one number be x. Again, we 
can find the other number by subtract- 
ing x from 10. 


Note that the sum of x and 10 — x is 10. 


one number: 4 
other number: 10 — 4 = 6 
The two numbers are 4 and 6. 


one number: x 
other number: 10 — x 
The two numbers are x and 10 — x. 


x +10 =a) = 6 10 


SSeS ORO) OO SES O18) 0.18) O50 G) 90 08 0.0) 0 (0 6. Oe 0 60 Ce © Bi © 016 06 © 6:6. 06 0 0.616) 0 O10) 0 OB 0 60 6 016 610 6 6 oh © 0 60 8 Oe 80.6 8 6 0 0 8 6 6.5 6.0 6 Be iF 6, 6 nlGle) ois) ale alalennes, 


One Other 
number number 
4 IO = 46 
7 10 =e 3 
2 NO = She i 
x KO == 
Example 8 


You Try it 8 


The sum of two numbers is 9. Eight 
times the smaller number is five less 


than three times the larger number. Find 


the numbers. 


Solution 
the smaller number: p 
the larger number: 9 — p 


five less than 
three times the 
larger number 


eight times the 


smaller number 





Spi 3(9 =p) — 5 
8p = 27 -3p -5 


8p = 22 — 3p 
Sp asp = 22 = 3p'+ 3p 
11lp = 22 
1 5) gp IS 
Pitt anti) 
p=2 


9 = p= 92 = 7 
These numbers check as solutions. 


The smaller number is 2. 
The larger number is 7. 


The sum of two numbers is 14. One more 
than three times the smaller number equals 
the sum of the larger number and three. 
Find the two numbers. 


Your solution 


Solution on p. S5 
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Objective A 


1. 

5 

9. 

13. 

17. 

21. 

25. 

y | 29. 
fe) 
= 

3 33. 
e 
fe 
; 

E \aS77 
2 
g 


2.2 Exercises 


Solve and check. 


3x + 1= 10 
5=4x+9 
4—- 3w = -2 
4a — 20=0 
——2e +5 = 37 
Aha 
—3m — 21=0 
9—- 4x =6 
f= 32%.="0 
8b Sh3-="= 9 


10. 


14. 


18. 


Papa 


26. 


30. 


34. 


38. 


~ ayers earl 
2 = 5b + 12 
5 = 6xe= — 13 
Sy = 9 = 0 
=d-43 = 12 
3=11-4n 
“52-30 = 0 
3t —-2=0 
Od 10 = 7 
5 = 6m = 2 


11. 


15. 


19. 


23. 


27. 


31. 


35. 


39. 
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2a=—5=7 


Le a1 


2 ieee fie 


6+ 2b=0 


== 12xi-+ 30! =366 


351 OD al 


—4y +15 = 15 


OX aa) 


12We ll = 5 


7-9a=4 


12. 


16. 


20. 


24. 


28. 


Sz. 


36. 


40. 


5m -6=9 


3n -~ 7 = -19 


12 = 5*=7 


10 Eerie 20 


~13 = -1ly +9 


—8x + 3-= 229 


== S07 a ae 


7 —8z=0 


6y —-5 = -7 


Oss 12¢ +15 


92 


41. 


45. 


49. 


53. 


57. 


61. 


65. 


69. 


73. 


Els 


81. 
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101 Si Fa7. 


8 = 10x 5 


12x 4+ 19 = 3 


3 
—--b+4= 
3 4=10 


Sy + 9 + 2y = 23 


b-8b+1=-6 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


74. 


78. 


82. 


ihe 
tn 
ees 

ie re 
Sy ae 
Gs 
Oy 
Vso Ge 
cep: Tee 
See a 
~_6=1 
= -6= 

3 
Sings Taek, oa 

4< 2 
Glee 

4c 
5 ee 

_=8 
TEA 2a 86 


= 7x +9 -— 4x 


43. 


47. 


51. 


55) 


59: 


63. 


67. 


71. 


qd. 


79. 


83. 


19 
4+ —- = — 
4a rm 4 
4 4 
9x +=—-== 
saa pa 
=O = wa 
= Ay hss = 9 
3 
ie lag 
» 
5 3 
4 
en mie 
oreyy eet 
7 
5) 
7 y= 
pore 
tizs= 377, =9 
-1l=5m+7-m 


44. 


48. 


52. 


60. 


64. 


68. 


a2. 


76. 


80. 


84. 


n3t 
Sxssi7der kl 
8 +13=3 
sa-3=1 
= See de 
Pe ar yees 
3 
S+iy=3 
= 
4 


6a +34 20— 1 


2h = 16x 119 


8 = 4n — 6 + 3n 
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Objective B 





Solve and check. 


85. 8%+5 = 4x + 13 86. 6y+2=y++17 87. G65 FIG 
88. 13b ee ah) ~15 89 18x 2=" 4 = 18 90. 7a —5 = 2a — 20 
OT Oe ta 1d = 2x 926i 2.= 6'=3n 3220 Lee 
94. 4y —2 = —-16— 3y 05. 26-73. = 5b 4-12 96. m+4=3m+8 
97. 4y-—8=y- 8 98: 5a 7= 24 4-7 99.96 = 5X = 6k 
100. 10—-—4n=16- n 101. 54+ 7x = 11 + Ox 102. 3—2y=15 + 4y 
103. 2x —4= 6x 104. 2b — 10 = 7b 105. 8m = 3m + 20 
106. 9y = 5y + 16 107. 8b+5=5b+7 108. 6y-—1=2y+2 
109. 7% —8=x%-3 110.5 2yie= ie = a ey (li 62 4) — Ont 


Objective C 


Solve and check. 


i 2a oer ace tt) S023 113g by 2y-7 3)—. 16 114. 9n — 3Qn — 1) =15 


115. 12x — 2(4x — 6) = 28 1G as Geter ial 2 117. 9m — 4(2m — 3) = 11 


94 














118. 


121. 


124. 


127; 


129. 


131. 


Objective D 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


Chapter 2 / First-Degree Equations and Inequalities 


5(3 — 2y) + 4y = 3 119. 4(1 — 3x) + 7x =9 120. 5y—3=7+ 4 -2) 


92Gb" 1) 3b 5 122. 6-464 = 2)'=2(aes5) 123. 7'= 32a — 5) = 8a 810 


2a = d¢=.4(3a +01) ae2 125: 95) = (Ol Gn ie 2 126. 7)— Ge 8%) =4ni 3 
312 = 4(y > li] 3Qy-F 8) 128. 5i2— 2x —4)] = 26— Jy) 

BaF 2124 3a — 1) 2(Gar4) 130. 5 +°3[1 + 22. — 3)] =6G@ =) 

214 (3b +2)| —5— 235426) 132. —=4[4.— 2020-33) 2 ae 





Translate into an equation and solve. 


The sum of a number and twelve is twenty. Find the number. 

The difference between nine and a number is seven. Find the number. 
Three-fifths of a number is negative thirty. Find the number. 

The quotient of a number and six is twelve. Find the number. 

Four more than three times a number is thirteen. Find the number. 

The sum of twice a number and five is fifteen. Find the number. wet 


The difference between nine times a number and six is twelve. Find 
the number. 
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140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 
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Six less than four times a number is twenty-two. Find the number. 


The sum of a number and twice the number is nine. Find the number. 


Eleven more than negative four times a number is three. Find the 
number. 


Seventeen less than the product of five and a number is two. Find the 
number. 


Eight less than the product of eleven and a number is negative nineteen. 
Find the number. 


Seven more than the product of six and a number is eight less than the 
product of three and the number. Find the number. 


Fifteen less than the product of four and a number is the difference 
between six times the number and eleven. Find the number. 


Thirty equals nine less than the product of seven and a number. Find the 
number. 


Twenty-three equals the difference between eight and the product of five 
and a number. Find the number. 


The sum of two numbers is twenty-one. Twice the smaller number is 
three more than the larger number. Find the two numbers. 


The sum of two numbers is thirty. Three times the smaller number is 
twice the larger number. Find the two numbers. 


The sum of two numbers is twenty-three. The larger number is five more 
than twice the smaller number. Find the two numbers. 


The sum of two numbers is twenty-five. The larger number is ten less 
than four times the smaller number. Find the two numbers. 
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153. 


154. 


155. 


Anthropologists can approximate the height of a primate from the 
size of its humerus (the bone extending from the shoulder to the 
elbow) by using the equation H = 1.2L + 27.8, where L is the length 
of the humerus in inches and A is the height of the primate in inches. 
If the height of a primate is estimated to be 62 in., what is the approxi- 
mate length of the humerus of this primate? 


Humerus 


The fare, F, to be charged a customer by a taxi company is calculated 
using the formula F = 1.50 + 0.95(m — 1), where m is the number of 
miles traveled. If a passenger is charged $9.10, how many miles was 
the passenger driven? 


Black ice is an ice covering on roads that is 
especially difficult to see and therefore 
extremely dangerous for motorists. .The 
distance that a car traveling 30 mph will 
slide after its brakes are applied is related 
to the outside temperature by the formula 


C= ;D — 45, where C is the Celsius tem- 


perature and D is the distance in feet that 
the car will slide. Determine the distance a 
car will slide on black ice when the outside 
temperature 1s —11°@? 





APPLYING THE CONCEPTS 


156. 


158. 
Solve. 
160. 
162. 


164. 


165. 


4 
A 166. 


If 2x — 3 = 7, evaluate 3x + 4. 157. If 5x = 3x — 8, evaluate 4x + 2. 
Solve: x + 28 = 1481 remainder 25 159. If 3 + 2(4a — 3)=5 and 
4 — 3(2 — 3b) = 1h, whiehas larger, 
a orb? 


If the equation has no solution, write “no solution.” 

326 — 1) = (6x — 4) = —9 161. 7(3x + 6) — 43 + 5x) =13 +% 

1 “ ¢ 
5 (25 — 10a) +4 =—2 (12a — 15) +14 163. S[m + 2(3 — m)] = 3[2(4 — m) — 5] 


Solve the equation x + a = b for x. Is the solution you have written valid 
for all real numbers a and b? LR 


Does the sentence “Solve 2x — 3(4x + 1)” make sense? Why or why not? 


The equation x = x + 1 has no solution, whereas the solution of the 
equation 2x + 3 = 3 is zero. Is there a difference between no solution 
and a solution of zero? Explain your answer. 
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Objective A 


ane COTM RINSE SUTRA 


TAKE NOTE 





an ingredient. For 
example, the value of 4 


_ per pound is 

; AC=V 
4-6=V 
$24 = V 


RSE CRIES ADAM 


a 
| sereetaditenmmnenneesstdineminmanninniemmnen 


| TAKE NOTE 
Use the information 


soon 


the table. Fill in the 
“Value” column by 
multiplying the two 
expressions you wrote 
in each row. Use the 
expressions in the last 
~ column to write the 

_ equation. 


: 


serena 


© 
The equation AC = V is 
used to find the value of 


lb of cashews costing $6 





given in the problem to 
fill in the “Amount” and 
“Unit Cost” columns of 





————— 
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Mixture, Investment, and 
Motion Problems 
ap @ F QD, 


To solve value mixture problems 
Hl. TUTOR WEB 





A value mixture problem involves combining two ingredients that have different 
prices into a single blend. For example, a coffee merchant may blend two types 
of coffee into a single blend, or a candy manufacturer may combine two types of 
candy to sell as a “variety pack.” 


The solution of a value mixture problem is based on the equation V = AC, where 
V is the value of an ingredient, A is the amount of the ingredient, and C is the 
cost per unit of the ingredient. 


= A coffee merchant wants to make 6 lb of a blend of coffee costing $5 per 
pound. The blend is made using a $6-per-pound grade of coffee and a $3-per- 
pound grade. How many pounds of each of these grades should be used? 


SO 6 69.9 82 2 © 6 © 2 F 2 © 2 © 9 2 0.0 8.0 © 8.0. 0.2 0 2 2 2 tet 
Strategy for Solving a Value Mixture Problem 


1. For each ingredient in the mixture, write a numerical or variable expression for the 
amount of the ingredient used, the unit cost of the ingredient, and the value of the 
amount used. For the blend, write a numerical or variable expression for the amount, 
the unit cost of the blend, and the value of the amount. The results can be recorded 
in a table. 


2.9 2 0 9.0.9.2. 


Oers ee ce s 


wwe ee weue wee eee eee eee eee eee eee eee ee eee fe 


Amount of $6 coffee: x e The sum of the amounts is 6 Ib. 
Amount of $3 coffee: 6 — x 





Pe mene ee ee ny 


» 2. Determine how the values of the individual ingredients are related. Use the fact that 
° the sum of the values of these ingredients is equal to the value of the blend. * 


or cos se pan ie co BK secant Dk See Sn i eS i ae De 


6x + 3(6 — x) = 5(6) © The sum of the values of the $6 grade 
6x + 18 — 3x = 30 and the $3 grade is equal to the value of 
3x + 18 = 30 the $5 blend. 
3x = 12 
x= 4 
6—x=6-4=2 e Find the amount of $3 coffee. 
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eoeoeereeees eee eee eeeeeeee 
cee eceeree eer ese reese eee eee eee ee eeeeeeeeeereeeeeseseoeeeeesreeeeeeoeeseeneeeeeeeeeeeee eee 





Example 1 You Try It-1 

How many ounces of a silver alloy that costs A gardener has 20 lb of a lawn fertilizer that 
$4 an ounce must be mixed with 10 oz of an costs $.80 per pound. How many pounds of a 
alloy that costs $6 an ounce to make a mixture fertilizer that costs $.55 per pound should be 
that costs $4.32 an ounce? mixed with this 20 lb of lawn fertilizer to 


produce a mixture that costs $.75 per pound? 


Strategy Your strategy 





e The sum of the values before mixing equals 
the value after mixing. 


Solution Your solution 


4x + 6(10) = 4.32(10 + x) 
4x + 60 = 43.2 + 4.32x 
—0.32x + 60 = 43.2 
—0.32x = -16.8 
Nie 245 


52.5 oz of the $4 silver alloy must be used. es 


Solution on p. S5 
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Objective B 

















TAKE NOTE 
The equation Ar = Q is 
used to find the amount 
of a substance ina — 
mixture. For example, 
the number of grams of 


silver in 50 g of a 40% 
alloy is 
Ar=Q 
(50 g)(0.40) = Q 
20g=Q 





TAKE NOTE 

_ Use the information 

_ given in the problem to 

- fill in the “Amount” and 
“Percent” columns of the 

table. Fill in the 

“Quantity” column by 


- multiplying the two 

_ expressions you wrote in 

~ each row. Use the 

- expressions in the last 

column to write the 
equation. 
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ie, Why 
TUTOR WEB SSM 


The amount of a substance in a solution can be given as a percent of the total 
solution. For example, a 5% salt-water solution means that 5% of the total solu- 
tion is salt. The remaining 95% is water. 





To solve percent mixture problems 


The solution of a percent mixture problem is based on the equation Q = Ar, 
where Q is the quantity of a substance in the solution, r is the percent of con- 
centration, and A is the amount of solution. 


= A 500-milliliter bottle contains a 4% solution of hydrogen peroxide. Find the 
amount of hydrogen peroxide in the solution. 


Q = Ar e Given: A = 500; r = 4% = 0.04 
Q = 500(0.04) 
Oe 220) 


The bottle contains 20 ml of hydrogen peroxide. 


=» How many gallons of a 20% salt solution must be mixed with 6 gal of a 30% 
salt solution to make a 22% salt solution? 


a ek I OR ee ee | 


e Strategy for Solving a Percent Mixture Problem 


e 

. 1. For each solution, use the equation Ar = Q. Write a numerical or variable expression 
° for the amount of solution, the percent of concentration, and the quantity of the sub- 
° stance in the solution. The results can be recorded in a table. 


a er ea er i ae fi Sie ee I a tee Dk Se ee a 


The unknown quantity of 20% solution: x 





a 0.0. 6.8 0 © 8469 0 © 8 0 8 8.6 0 ¢ 0 6 2.2.2 6 2 9 6.2 2 2 229 202 


¢ 

* 2. Determine how the quantities of the substance in the individual solutions are related. a 
1 Use the fact that the sum of the quantities of the substances being mixed is equalto , 
e the quantity of the substance after mixing. ° 
Fe ere me Jat J Ja TC NC Jek Ja ec re OC a ee a at 
0.20x + 0.30(6) = 0.22 + 6) e The sum of the quantities of the 

eo eet eS 0 224d 32 substance in the 20% solution and 
—0.02x + 1.80 = 1.32 the 30% solution is equal to the quantity 
—0.02x = —0.48 of the substance in the 22% solution. 
x = 24 


24 gal of the 20% solution must be used. 
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Example 2 You Try It 2 

A chemist wishes to make 2 L of an 8% acid A pharmacist dilutes 5 L of a 12% solution 
solution by mixing a 10% acid solution and with a 6% solution. How many liters of the 6% 
a 5% acid solution. How many liters of each solution are added to make an 8% solution? 


solution should the chemist use? 


Strategy Your strategy 





e Liters of 10% solution: x 
Liters of 5% solution: 2 — x 





° The sum of the quantities before mixing is 
equal to the quantity after mixing. 


Solution Your solution 
OMOx a 0,05(2 =) = 0082) 
0.10x + 0.10 — 0.05% = 0.16 
O105402 091.0 OG 
0.05x = 0.06 
x= 1.2 


2a 2a 128 


The chemist needs 1.2 L of the 10% solution 
and 0.8 L of the 5% solution. ae 


Solution on p. S5 
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PR NU ie rag 
TUTOR WEB SSM 


The annual simple interest that an investment earns is given by the equation 


liar with the I = Pr, where I is the simple interest, P is the principal, or the amount invested, 
t formula and r is the simple interest rate. 
i I so ou know that 
t represents time. In the 
problems in this section, time 
is always 1 (one year), so the 








"> The annual interest rate on a $2500 investment is 8%. Find the annual 


Praal= Prt cimolities to simple interest earned on the investment. 
ie L= Pr © Given: P = $2500; r= 8% = 0.08 
I = 2500(0.08) 
I = 200 


The annual simple interest is $200. 


=> An investor has a total of $10,000 deposited in two simple interest accounts. 
On one account, the annual simple interest rate is 6%. On the second account, 
the annual simple interest rate is 10%. How much is invested in the 6% 
account if the total annual interest earned is $900? 





Cc i cet iO Svan ae Oa OO eo Oi Pa Oa Wa Ming ie nO Orte On Og iar er Dr Orel Cour ee ne 


Strategy for Solving a Problem Involving Money Deposited in Two Simple 
Interest Accounts 


1. For each amount invested, use the equation Pr = /. Write a numerical or variable 
expression for the principal, the interest rate, and the interest earned. The results 
can be recorded in a table. 


wBeesves50eeseeeeveereeoeaneeeereeoee wee eee eee ele ee 8 


Weesceeed 


Amount invested at 6%: x © The sum of the amounts 
Amount invested at 10%: $10,000 — x invested is $10,000. 








Use the information 
given in the problem to 
fill in the “Principal” and 
“Interest Rate” columns 





_ of the table. Fill in the 
“Interest Earned” 

column by multiplying 
_ the two expressions you 
_ wrote in each row. 


rit) r} 











PR ee Te Lo ar 


2. Determine how the amounts of interest earned on the individual amounts are 












4 related. For example, the total interest earned by both accounts may be known, or : 
f it may be known that the interest earned on one account is equal to the interest a 
° earned on the other account. e 
i ah ee 09 9 Ro sot jot a Ta J SJ J Sa a a a I 
west money is to 
a Bis ar eien q 0.06x + 0.10(10,000 — x) = 900 e The sum of the interest earned on the 
cated | -Bills are Issue fad 0.10x ee 900 ‘ “ 
by the U.S. Treasury, and the 0.06x Lee anon 2000 two accounts is $900. 
purchaser of a T-Bill is actually , 
—0.04x = —100 


lending money to the federal 
government. The simple ee 200 
interest formula is used to 


compute the interest on a T-Bill. The amount invested at 6% is $2500. 
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eee. 
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= Example 3 You Try It 3 


An investment counselor invested 75% of An investment of $5000 is made at an 

a client’s money in a 9% annual simple interest annual simple interest rate of 8%. How 
money market fund. The remainder was much additional money must be invested at 
invested in 7% annual simple interest 11% so that the total interest earned will 
government securities. Find the amount be 9% of the total investment? 


invested in each if the total annual interest 
earned is $3825. 


Strategy Your strategy Li 
e Amount invested: x 

Amount invested at 7%: 0.25x 

Amount invested at 9%: 0.75x 






are 
Amo 


at 9%” 
arriba seis ete he 


e The sum of the interest earned by the 
two investments equals the total 
annual interest earned ($3825). 


Solution Your solution 
O 017 ove 0:06 /5xu= 83825 
0.085x = 3825 
x = 45,000 


0.25x = 0.25(45,000) = 11,250 
0.75x = 0.75(45,000) = 33,750 


The amount invested at 7% is $11,250. 
The amount invested at 9% is $33,750. 


Solution on pp. S5—S6 
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Objective D To solve uniform motion problems 


A train that travels constantly in a straight line at 50 mph is in uniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


[TAKE NOTE 


| Use the information 


_ given in the problem to 
fill in the “Rate” and 


e 
i 
on 


- “Time” columns of the 


table. Fill in the — 
| “Distance” column by. 
| multiplying the two 


"each row. 
= 


Fabs Fort ae 


: 
5 SN 


i 


| expressions you wrote in 
. i Ped 


oa! Sa ed 





panensaenasheahNaSEROEES 
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The solution of a uniform motion problem is based on the equation d = rt, where 
d is the distance traveled, r is the rate of travel, and t is the time traveled. 


A train traveled at a speed of 55 mph for 3 h. The distance trav- d=rt 
eled by the train can be found by using the equation d = rt, as d = 55(3) 
shown at the right. d = 165 


The distance traveled by the train was 165 mi. 


=™ A car leaves a town traveling at 40 mph. Two hours later, a second car leaves 


the same town, on the same road, traveling at 60 mph. In how many hours 
will the second car pass the first car? 


en ee eee 
e Strategy for Solving a Uniform Motion Problem 


e 
. 1. For each object, use the equation d = rt. Write a numerical or variable expression 
° for the distance, rate, and time. The results can be recorded in a table. 


OF aad a ee eer et bet i et ee ee ee ee ee 











The first car traveled 2 h longer First car SS d= 40042) 
than the second car. l ! 

| 
Unknown time for the second car: t | 
Time for the first car: t + 2 d= 608 





oe oe © 0 b.8 6 8 6 6 6 6 0.0 6 0 8 'e 6.8 2 eo 6 8 8 8 8 88 88 ee 


2. Determine how the distances traveled by the individual objects are related. For e 
example, the total distance traveled by both objects may be known, or it may be ° 
known that the two objects traveled the same distance. ° 


nat ac baat ot i kM JOC et MJ Jet ek a a a a 


c 
‘ 
N 


The two cars travel the same distance. 


40(t + 2) = 60f 


40t + 80 = 60¢ 
80 = 20f 
4=t 


The second car will pass the first car in 4 h. 
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Example 4 

Two cars, one traveling 10 mph faster than the 
other, start at the same time from the same 
point and travel in opposite directions. In 

3 h they are 300 mi apart. Find the rate of 
each car. 


Strategy 
e Rate of Ist car: r 
e Rate of 2nd car: r + 10 


= | @ Rate Time Distance 
i Ist car = : Seay 3 3r 
2odcar + 10 3 3(r + 10) 


e The total distance traveled by the two cars:is 
300 mi. 


Solution 
3h 3re 10)—=3300 
Bi oie 093.00 


6r + 30 = 300 
6r = 270 
r= 45 


r+10=45+10=55 


The first car is traveling 45 mph. 
The second car is traveling 55 mph. 


| Dose SEOT PENCE eT eS! 818181800 (0/10/16 aL e OTK 8 6)'e (8) eh elle er eie oe.0.@ @ 10 616. eh 5p bis. 6b 6 610-0 


"Example 5 
How far can the members of a bicycling 
club ride out into the country at a speed of 
12 mph and return over the same road at 
8 mph if they travel a total of 10 h? 


Strategy 
e Time spent riding out: t 
Time spent riding back: 10 — t 


. Rate | Time = — Distance 
Ou 2 i 12t 
epack ee 10° 8(10 — 2) 


e The distance out equals the distance back. 


Solution 
12¢ = 8(10 — 2) 
12t = 80 — 8t 
20¢ = 80 


t=4 (The time is 4h.) 


The distance out = 12t¢ = 12(4) = 48 mi. 
The club can ride 48 mi into the country. 


yy 


» You Try It 4 
Two trains, one traveling at twice the speed of 
the other, start at the same time on parallel 
tracks from stations that are 288 mi apart and 
travel toward each other. In 3 h, the trains pass 
each other. Find the rate of each train. 


Your strategy 


Your solution 


A pilot flew out to a parcel of land and back 
in 5 h. The rate out was 150 mph, and the 
rate returning was 100 mph. How far away 
was the parcel of land? 


Your strategy 


Your solution Nan 


Solutions on p. S6 


PLS ONO S20: OPiS 6) 9 60) @ oe, a (Cle 16 ie p06 6 6. 6a 0 0.6 6», 6 ele © 6a 6Le eo Slarelanalanaiens 
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2.3 Exercises 


10. 


Objective A 


Application Problems 


An herbalist has 30 oz of herbs costing $2 per ounce. How many ounces 
of herbs costing $1 per ounce should be mixed with the 30 0z to produce 
a mixture costing $1.60 per ounce? 


The manager of a farmer’s market has 500 lb of grain that costs $1.20 per 
pound. How many pounds of meal costing $.80 per pound should be 


mixed with the 500 lb of grain to produce a mixture that costs $1.05 per 
pound? 


Find the cost per pound of a meatloaf mixture made from 3 lb of ground 
beef costing $3.99 per pound and 1 |b of ground turkey costing $1.79 per 
pound. 


Find the cost per ounce of a sunscreen made from 100 oz of a lotion that 
costs $2.50 per ounce and 50 oz of a lotion that costs $4.00 per ounce. 


A snack food is made by mixing 5 lb of popcorn that costs $.80 per pound 
with caramel that costs $2.40 per pound. How much caramel is needed to 
make a mixture that costs $1.40 per pound? 


A wild birdseed mix is made by combining 100 lb of millet seed costing 
$.60 per pound with sunflower seeds costing $1.10 per pound. How many 
pounds of sunflower seeds are needed to make a mixture that costs $.70 
per pound? 


Ten cups of a restaurant's house Italian dressing is made by blending olive 
oil costing $1.50 per cup with vinegar that costs $.25 per cup. How many 
cups of each are used if the cost of the blend is $.50 per cup? 


A high-protein diet supplement that costs $6.75 per pound is mixed with 
a vitamin supplement that costs $3.25 per pound. How many pounds of 
each should be used to make 5 lb of a mixture that costs $4.65 per pound? 


Find the cost per ounce of a mixture of 200 oz of a cologne that costs 
$5.50 per ounce and 500 oz of a cologne that costs $2.00 per ounce. 


Find the cost per pound of a trail mix made from 40 lb of raisins that cost 
$4.40 per pound and 100 Ib of granola that costs $2.30 per pound. 


105 
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11. Twenty ounces of a platinum alloy that costs $220 per ounce are mixed 
with an alloy that costs $400 per ounce. How many ounces of the $400 
alloy should be used to make an alloy that costs $300 per ounce? 


























12. How many liters of a blue dye that costs $1.60 per liter must be mixed 
with 18 L of anil that costs $2.50 per liter to make a mixture that costs 
$1.90 per liter? 


13. The manager of a specialty food store combined almonds that cost $4.50. 
per pound with walnuts that cost $2.50 per pound. How many pounds of 
each were used to make a 100-pound mixture that costs $3.24 per pound? 


14. A goldsmith combined an alloy that cost $4.30 per ounce with an alloy 
that cost $1.80 per ounce. How many ounces of each were used to make 
a mixture of 200 oz costing $2.50 per ounce? 


15. Adult tickets for a play cost $6.00 and children’s tickets cost $2.50. For 
one performance, 370 tickets were sold. Receipts for the performance 
were $1723. Find the number of adult tickets sold. 


16. Tickets for a piano concert sold for $4.50 for each adult. Student tickets 
sold for $2.00 each. The total receipts for 1720 tickets were $5980. Find 
the number of adult tickets sold. 


17. Find the cost per pound of sugar-coated breakfast cereal made from 40 Ib 
of sugar that costs $1.00 per pound and 120 lb of corn flakes that cost 
$.60 per pound. 


18. Find the cost per pound of a coffee mixture made from 8 Ib of coffee that ° 
costs $9.20 per pound and 12 lb of coffee that costs $5.50 per pound. 





Objective B 





Application Problems 


19. Forty ounces of a 30% gold alloy are mixed with 60 oz of a 20% gold alloy. 
Find the percent concentration of the resulting gold alloy. 


20. One hundred ounces of juice that is 50% tomato juice are added to 200 oz 
of a vegetable juice that is 25% tomato juice. What is the percent concen- 
tration of tomato juice in the resulting mixture? 
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pa 


z2: 


23. 


24. 


25% 


26. 


Zt. 


28. 


29. 


30. 


35, 
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How many gallons of a 15% acid solution must be mixed with 5 gal of a 
20% acid solution to make a 16% acid solution? 


How many pounds of a chicken feed that is 50% corn must be mixed with 
400 lb of a feed that is 80% corn to make a chicken feed that is 75% corn? 


A rug is made by weaving 20 lb of yarn that is 50% wool with a yarn that 
is 25% wool. How many pounds of the yarn that is 25% wool are used if 
the finished rug is 35% wool? 


Five gallons of a dark green latex paint that is 20% yellow paint are com- 
bined with a lighter green latex paint that is 40% yellow paint. How many 
gallons of the lighter green paint must be used to create a green paint that 
is 25% yellow paint? 


How many gallons of a plant food that is 9% nitrogen must 
be combined with another plant food that is 25% nitrogen 
to make 10 gal of a solution that is 15% nitrogen? 


A chemist wants to make 50 ml of a 16% acid solution by 
mixing a 13% acid solution and an 18% acid solution. How 
many milliliters of each solution should the chemist use? 


Five grams of sugar are added to a 45-gram serving of a breakfast cereal 
that is 10% sugar. What is the percent concentration of sugar in the 
resulting mixture? 


A goldsmith mixes 8 oz of a 30% gold alloy with 12 oz of a 25% gold 
alloy. What is the percent concentration of the resulting alloy? 


How many pounds of coffee that is 40% java beans must be mixed with 
80 Ib of coffee that is 30% java beans to make a coffee blend that is 32% 


java beans? 


The manager of a garden shop mixes grass seed that is 60% rye grass with 
70 lb of grass seed that is 80% rye grass to make a mixture that is 74% rye 
grass. How much of the 60% rye grass is used? 


A hair dye is made by blending a 7% hydrogen peroxide solution and a 4% 
hydrogen peroxide solution. How many milliliters of each are used to 
make a 300-milliliter solution that is 5% hydrogen peroxide? 
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32: 


S23: 


34. 


35. 


36. 


Objective C 


37. 


38. 


39. 


40. 
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A tea that is 20% jasmine is blended with a tea that is 15% jasmine. How 
many pounds of each tea are used to make 5 lb of tea that is 18% jasmine? 


How many ounces of pure chocolate must be added to 150 oz of 
chocolate topping that is 50% chocolate to make a topping that is 75% 
chocolate? 


How many ounces of pure bran flakes must be added to 50 oz of cereal | 


that is 40% bran flakes to produce a mixture that is 50% bran flakes? 


Thirty ounces of pure silver are added to 50 oz of a silver alloy that is 20% 
silver. What is the percent concentration of the resulting alloy? 


A clothing manufacturer has some pure silk thread and some thread that 
is 85% silk. How many kilograms of each must be woven together to make 
75 kg of cloth that is 96% silk? 


Application Problems 





An investment of $3000 is made at an annual simple interest rate of 5%. 
How much additional money must be invested at an annual simple 
interest rate of 9% so that the total annual interest earned is 7.5% of the 
total investment? 


A total of $6000 is invested into two simple interest accounts. The 
annual simple interest rate on one account is 9%; on the second account, 
the annual simple interest rate is 6%. How much should be invested in 


each account so that both accounts earn the same amount of annual — 


interest? 


An engineer invested a portion of $15,000 in a 7% annual simple in- 
terest account and the remainder in a 6.5% annual simple interest gov- 
ernment bond. The amount of interest earned for one year was $1020. 
How much was invested in each account? 


An investment club invested part of $20,000 in preferred stock that pays 
8% annual simple interest and the remainder in a municipal bond that 
pays 7% annual simple interest. The amount of interest earned each year 
is $1520. How much was invested in each account? 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin\Company. All rights reserved. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


Section 2.3 / Mixture, Investment, and Motion Problems 


A grocery checker deposited an amount of money into a high-yield 
mutual fund that returns a 9% annual simple interest rate. A second 
deposit, $2500 more than the first, was placed in a certificate of deposit 
that returns a 5% annual simple interest rate. The total interest earned 
on both investments for one year was $475. How much money was 
deposited in the mutual fund? 


A deposit was made into a 7% annual simple interest account. Another 
deposit, $1500 less than the first deposit, was placed in a 9% annual 
simple interest certificate of deposit. The total interest earned on both 
accounts for one year was $505. How much money was deposited in the 
certificate of deposit? 


A corporation gave a university $300,000 to support product safety 
research. The university deposited some of the money in a 10% simple 
interest account and the remainder in an 8.5% simple interest account. 


How much was deposited in each account if the annual interest earned is 
$28,500? 


A financial consultant advises a client to invest part of $30,000 in munic- 
ipal bonds that earn 6.5% annual simple interest and the remainder of the 
money in 8.5% corporate bonds. How much should be invested in each 
type of bond so that the total annual interest earned each year is $2190? 


To provide for retirement income, an auto mechanic purchases a $5000 
bond that earns 7.5% annual simple interest. How much money must 
be invested in additional bonds that have an interest rate of 8% so that 
the total annual interest earned from the two investments is $615? 


The portfolio manager for an investment group invested $40,000 in a 
certificate of deposit that earns 7.25% annual simple interest. How 
much money must be invested in additional certificates that have an 
interest rate of 8.5% so that the total annual interest earned from the 


two investments is $5025? 


A charity deposited a total of $54,000 into two simple interest accounts. 
The annual simple interest rate on one account is 8%. The annual simple 
interest rate on the second account is 12%. How much was invested in 
each account if the total interest earned is 9% of the total investment? 


A college sports foundation deposited a total of $24,000 into two simple 
interest accounts. The annual simple interest rate on one account is 7%. 
The annual simple interest rate on the second account is 11%. How much 
was invested in each account if the total annual interest earned is 10% of 


the total investment? 
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DOs 


54. 


55. 


56. 


49. 


50. 


51. 


D2: 
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An investment banker invested 55% of the bank’s available cash in an 
account that earns 8.25% annual simple interest. The remainder of the 
cash was placed in an account that earns 10% annual simple interest. 
The interest earned in one year was $58,743.75. Find the total amount 
invested. 


A financial planner invested 40% of a client's cash account in preferred 
stock that earns 9% annual simple interest. The remainder of the client’s 
cash was placed in treasury bonds that earn 7% annual interest. The total 


annual interest earned from the two investments was $2496. What was , 


the total amount invested? 


The manager of a mutual fund placed 30% of the fund’s available cash in 
a 6% simple interest account, 25% in 8% corporate bonds, and the 
remainder in a money market fund that earns 7.5% annual simple inter- 
est. The total annual interest from the investments was $35,875. What 
was the total amount invested? 


The manager of a trust decided to invest 30% of a client’s cash in govern- 
ment bonds that earn 6.5% annual simple interest. Another 30% was 
placed in utility stocks that earn 7% annual simple interest. The remain- 
der of the cash was placed in an account earning 8% annual simple inter- 
est. The total annual interest earned from the investments was $5437.50. 
What was the total amount invested? 


Application Problems 





Two small planes start from the same point and fly in opposite directions. 
The first plane is flying 25 mph slower than the second plane. In 2 h, the 
planes are 470 mi apart. Find the rate of each plane. 


Two cyclists start from the same point and ride in opposite directions. 
One cyclist rides twice as fast as the other. In 3 h, they are 81 mi apart. 
Find the rate of each cyclist. 


Two planes leave an airport at 8 A.M., one flying north at 480 km/h and 
the other flying south at 520 km/h. At what time will they be 3000 km 
apart? 


A long-distance runner started on a course running at an average speed 
of 6 mph. One-half hour later, a second runner began the same course 
at an average speed of 7 mph. How long after the second runner started 
will the second runner overtake the first runner? 








Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


aW 


58. 


59. 
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Section 13 '/ Mixture, Investment, and Motion Problems 


A motorboat leaves a harbor and travels at an average speed of 9 mph 
toward a small island. Two hours later a cabin cruiser leaves the same 
harbor and travels at an average speed of 18 mph toward the same island. 


In how many hours after the cabin cruiser leaves will the cabin cruiser be 
alongside the motorboat? 


A 555-mile, 5-hour plane trip was flown at two speeds. For the first part 
of the trip, the average speed was 105 mph. For the remainder of the trip, 


the has speed was 115 mph. For how long did the plane fly at each 
speed? 


An executive drove from home at an average speed of 30 mph to an air- 
port where a helicopter was waiting. The executive boarded the helicopter 
and flew to the corporate offices at an average speed of 60 mph. The 
entire distance was 150 mi. The entire trip took 3 h. Find the distance 
from the airport to the corporate offices. 


After a sailboat had been on the water for 3 h, a change in the wind 
direction reduced the average speed of the boat by 5 mph. The entire dis- 
tance sailed was 57 mi. The total time spent sailing was 6 h. How far did 
the sailboat travel in the first 3 h? 


Acar and a bus set out at 3 P.M. from the same point headed in the same 
direction. The average speed of the car is twice the average speed of the 
bus. In 2 h the car is 68 mi ahead of the bus. Find the rate of the car. 


A passenger train leaves a train depot 2 h after a freight train leaves the 
same depot. The freight train is traveling 20 mph slower than the passen- 
ger train. Find the rate of each train if the passenger train overtakes the 
freight train in 3 h. 


As part of flight training, a student pilot was required to fly to an air- 
port and then return. The average speed on the way to the airport was 
100 mph, and the average speed returning was 150 mph. Find the dis- 
tance between the two airports if the total flying time was 5 h. 


A ship traveling east at 25 mph is 10 mi from a harbor when another ship 
leaves the harbor traveling east at 35 mph. How long does it take the sec- 
ond ship to catch up to the first ship? 


At 10 A.M. a plane leaves Boston, Massachusetts, for Seattle, Washington, 
a distance of 3000 mi. One hour later a plane leaves Seattle for Boston. 
Both planes are traveling at a speed of 500 mph. How many hours after 
the plane leaves Seattle will the planes pass each other? 


TA 


105 mph »}+— 115 mph —>| 


[_———— 555 mi ————_—> 


|< 


100 mph 











150 mph 
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66. At noon a train leaves Washington, D.C., headed for Charleston, South 
Carolina, a distance of 500 mi. The train travels at a speed of 60 mph. At 
1 P.M. a second train leaves Charleston headed for Washington, D.C., trav- 
eling at 50 mph. How long after the train leaves Charleston will the two 
trains pass each other? 


67. ‘Two cyclists start at the same time from opposite ends of a course that 
is 51 mi long. One cyclist is riding at a rate of 16 mph, and the second 
cyclist is riding at a rate of 18 mph. How long after they begin will they 
meet? 


68. A bus traveled on a straight road for 2 h at an average speed that was 
20 mph faster than its average speed on a winding road. The time spent 
on the winding road was 3 h. Find the average speed on the winding 
road if the total trip was 210 mi. 





69. A bus traveling at a rate of 60 mph overtakes a car traveling at a rate of 
45 mph. If the car had a 1-hour head start, how far from the starting point 
does the bus overtake the car? 


70. A car traveling at 48 mph overtakes a cyclist who, riding at 12 mph, had 
a 3-hour head start. How far from the starting point does the car overtake 
the cyclist? 


APPLYING THE CONCEPTS 


71. A radiator contains 15 gal of a 20% antifreeze solution. How many gal- 
lons must be drained from the radiator and replaced by pure antifreeze 
so that the radiator will contain 15 gal of a 40% antifreeze solution? 


72. A plant manager invested $3000 more in preferred stocks than in bonds. 
The stocks paid 8% annual simple interest, and the bonds paid 9.5% 
annual simple interest. Both investments yielded the same income. Find 
the total annual interest received on both investments. 


73. A bicyclist rides for 2 h at a speed of 10 mph and then returns at a speed 
of 20 mph. Find the cyclist’s average speed for the trip. 


74. Acar travels a 1-mile track at an average speed of 30 mph. At what aver- 


age speed must the car travel the next mile so that the average speed for 
the 2 mi is 60 mph? 
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VIDEO 


Inequalities in One Variable 
q ©) ie AP 


The solution set of an inequality is a set of numbers, each element of which, 
when substituted for the variable, results in a true inequality. 


To solve an inequality in one variable 





The inequality at the right is true if the variable is replaced a lear. 
2) 
by (for inst ~1.98, or = ee, 
y (for instance) 3, 1.98, or 3. 23 O82 1 <e4 
2D, 
Soy rad 
3 


There are many values of the variable x that will make the inequality x — 1 <4 
true. The solution set of the inequality is any number less than 5. The solution 
set can be written in set-builder notation as {x|x < 5}. 


The graph of the solution set of x — 1 < 4 is 


shown at the right. =5-4=3-2-1 0 172 3545 


In solving an inequality, we use the Addition and Multiplication Properties of 
Inequalities to rewrite the inequality in the form variable < constant or in the 
form variable > constant. 


The Addition Property of Inequalities 


fa > b theha + c= D+ Cc. 
ifa= pb-then a+ c=.) c. 





The Addition Property of Inequalities states that the same number can be added 
to each side of an inequality without changing the solution set of the inequality. 
This property is also true for an inequality that contains the symbol = or 2. 


The Addition Property of Inequalities is used to remove a term from one side of 
an inequality by adding the additive inverse of that term to each side of the 
inequality. Because subtraction is defined in terms of addition, the same number 
can be subtracted from each side of an inequality without changing the solution 
set of the inequality. 


=» Solve: x + 224 


eae Prats 
Foe PE asia ely © Subtract 2 from each side of the inequality. 
Meee © Simplify. 


AY 





The solution set is {x 
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=> Solve: 3x — 4 < 2x -— 1 


3x —-4< 2x - 1 





3X 2 — 2 2 e Subtract 2x from each side of the 
pens; inequality. 
a= $e 
x—4+4 = —]-+-4 e Add 4 to each side of the inequality. 
St3 
The solution set is {x|x < 3}. + 


The Multiplication Property of Inequalities is used to remove a coefficient from 
one side of an inequality by multiplying each side of the inequality by the recip- 
rocal of the coefficient. 





TAK E NOT E : The Multiplication Property of Inequalities 


_c>Omeanscisa ~ 







res Rule 1 If a> band c>0,then ac> be. 
egestiomnmbes = lf a< band c>0, then ac < be. 
' Ree eee oe 

pwr 0 Reanse ds a Rule 2 If a> band c <0, then ac < be. 






' negative number. — 
i ig ee gl If a< band c<0,then ac> be. 






Here are some examples of this property. 


Rule 1 Rule 2 
3 > 2 7) ee |S) 3 2 DES 
3(4) > 2(4) 2(4) < 5(4) 3(—4) < 2(—4) 24) 5(—4) 
IDS i) = AY =P <= =fs ore) 


Rule 1 states that when each side of an inequality is multiplied by a positive 
number, the inequality symbol remains the same. However, Rule 2 states 
that when each side of an inequality is multiplied by a negative number, 
the inequality symbol must be reversed. Because division is defined in terms 
of multiplication, when each side of an inequality is divided by a positive 
number, the inequality symbol remains the same. But when each side of an 


inequality is divided by a negative number, the inequality symbol must be 
reversed, 


The Multiplication Property of Inequalities is also true for the symbols = and=. 


=> Solve: —3x > 9 


| TAKE NOTE | —3x >9 Mie 
_ Each side of the — 3 9 Fe : . : ie 
_ inequality is divided by ox ae e Divide each side of the inequality by the coefficient —3. Because 
_ anegative number; the 3 5 —3 is a negative number, the inequality symbol must be reversed. 
_ inequality symbol must 
| bereversed. GOSe 8) 

The solution set is {x|x < —3}. 
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E T ik KE NOTE 
Any time an inequality 
_ is multiplied or divided 
_ by a negative number, 

_ the inequality symbol 

_ must be reversed. 

_ Compare the next two 

_ examples. 


| 
) 
S| 
{ 
| 
| 
| 
| 
| 
i 


2x <-—4 Divide each 
—4 side by 
Slum DOSLLLUe 2. 
Inequality is 
x <—2 not reversed. 
Divide each 
side by 
Ss = negative 2. 
Inequality is 
ea ‘ i 


reversed. ) 





[TAKE NOTE | 


Solving these inequali- 
ties is similar to solving 
the equations solved in 
' Section 2 except that 
when you multiply or 
divide the inequality by 
| a negative number, you 
must reverse the 
inequality symbol. 


recunnebuennaocucnoes 


PeaitsstommementanacanerssSmanScunen imei SisicC aC MOSSES 





ccnsoergunneensen sonnoca ta oeneNe URUSSEnte RECOM SMGHRTETEDSE 


Ee: 1 
Solve:x + 3 >4x + 6 


Solution 
x+3>44x*+6 
—3x+3>6 
—3x >3 
— 3x 3 
SS <-—_ 
—3 —3 
x<-1 


The solution set is {x 


ae Giatalalle) wel a) G10 OKe@ 0.6) 656 70\\2) 0:8) ei O.m/0"O1e) 6ae) 8 (She Si 86) 6 0 
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=> Solve: 3x + 2 < -—4 


3x2 < —4 
3x < —6 ¢ Subtract 2 from each side of the inequality. 
By ee 0 
34 3 ie ® Divide each side of the inequality by the coefficient 3. 
Oe ays 


The solution set is {x 





et Ap 


=™ Solve: 2x —9>4x+5 
26— 9> 4045 


= OB Bee: © Subtract 4x from each side of the inequality. 
eke 14 © Add 9 to each side of the inequality. 
as 14 
eee ae © Divide each side of the inequality by the coefficient —2. 
a a : : 
Reverse the inequality symbol. 
ke 


The solution set is {x|x < —7}. 


=» Solve: 5(x — 2) = 9x — 3(2x - 4) 
5 92) 9x 3 (2x 4) 


De Oke Oe OK ol? ¢ Use the Distributive Property to remove parentheses. 
Se 0 = xe 2 © Combine like terms. 
Di ral O = Nie © Subtract 3x from each side of the inequality. 
jes ai aps © Add 10 to each side of the inequality. 
= = = © Divide each side of the inequality by the coefficient 2. 
ey reg el 


= 11}. 





The solution set is {x 


sees Ix —1< 6x +7 


Your solution 


© Subtract 4x from each side. 


¢ Subtract 3 from each side. 


© Divide each side by —3. 


bedi 


Solution on p. S6 


TAKE NOTE 

_ The intersection 

1 {x|a <3} 9 {x|x > -2} 
_ can be written 

| {x|x > —2 and x < 3). 
_ However, it is more 
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u/s Miaval-c (alter cote cadeneliat gue tata tonaltausts "ehole) pl oke ta ens leueiemahenals tatuieteteete ter etereicns 
Sete eee reese eee eer eers ee eraneeeeeses eee eeseseoeeeeeeeeeeenneenesesesesesesesneeeeeesessese 


‘Example 2 Solve: 


Bx = Oe oe eel) 


Solution 


She eee (Oe ) 
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Solve: 
5x —2=4—- 3(@ -— 2) 


"You Try It 2 


Your solution 


3X eSB — 6 

Se 5 ==. Ox 

a al 
Ce=16 


x 





commonly written 
{x|—2 <x < 3}. This is 


read “the set of all x 


such that x is greater 


| than —2 and less 
} than 3.” 





To solve a compound inequality 


A compound inequality is formed by joining 


Solution on p. S6 


le, 


2x <4and 3x —2>-8 


NW hy 


TUTOR 





WEB 


two inequalities with a connective word such as 


and or or. The inequalities at the right are com- 


2x + 3x orwiee 5 


pound inequalities. 


The solution set of a compound inequality with the connective word and is the 
set of all elements that appear in the solution sets of both inequalities. Therefore, 
it is the intersection of the solution sets of the two inequalities. 


™> Solve: 2x < 6 and 3x +2 > —4 


De GO meANG MISVEE De 4 


Kio 3 Se = 6 °® Solve each inequality. 
Raleerce ey pas) 
{x|x > —2} 


The solution of a compound inequality with and is the intersection of the 
solution sets of the two inequalities. 


Elias 5 68 in bal get 29) Ye (3) 2 ees 


MP Solve oe 2k > 


This inequality is equivalent to the com- 


—3 < 204 land 2x 48p25 
pound inequality shown at the right. 


“324 +] and 2a ike 5 
=A 292% 2h a © Solve each inequality. 
25% oe 8 Ps 
{x|x > —2} (ole 


(ele 2 Oiler 2 (x) +2: ae 2a 
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There is an alternative method for solving the inequality in the last example. 


= Solve: —3 <2x+1<5 


=3 — 24 +-1<5 


=o |) 2 ela 5 = | © Subtract 1 from each of the three parts of the 
—-4<2x<4 inequality. 
—4 2x 4 
oe << a 


= © Divide each of the three parts of the inequality by 


7 
2 2 the coefficient 2. 
= ee ee D) 


The solution set is {x| —2 < x < 2}. 


The solution set of a compound inequality with the connective word or is the 
union of the solution sets of the two inequalities. 


=> Solve: 2x + 3 > 7 or 4x —- 1 < 3 
Bee BS Or Bei <s 


2x > 4 4x <4 e Solve each inequality. 
bape ted Xe | 
ici 2} eee ty 


cl sce 2 WO | ecole Ll = Door a 1} ¢ Find the union of the 
solution sets. 


Suits sales ee 6) Bie ea aim p60 © © 6B 0 6 € a 66 0 0.0 6.6 0 0:¢ 6 0 4.6 6H. '0 0 6 ¢ 0 4.0 :B0 Om 


Example 3 4 You Try It 3 


Solve: 1 < 3x -5 <4 Solve: —2 = 5x +35 13 
Solution Your solution 
55 = 4 
1+5<3x-54+5<4+5 
O=3k = 9 
Cape Seo 
pee 23 
Die Hare 


ees 3] 


: Hae scat cats o4 gE Lae OP ae Oe Sep iees 
Solve: 11 — 2x > —3 and 7 — 3x < 4 Solve: 2 —3x%> liors + 2a> 7 
Solution Your solution 
(ieee —3 and T-3x< 4 
—2x > —-14 =3%\< —3 
Be Cea a | 
rea) (ih) 


fxla <7) A (xlx > 1} =be|1 <x <7) 


Solutions on p. S6 
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Objective C To solve application problems 
Example 5 Ls. Try It 5 
A rectangle is 10 ft wide and (2x + 4) ft long. Company A rents cars for $24 a day and 10¢ 
Express as an integer the maximum length of for every mile driven. Company B rents cars 
the rectangle when the area is less than 200 ft?. for $30 a day and 8¢ per mile driven. You 
(The area of a rectangle is equal to its length want to rent a car for one week. What is the 
times its width.) maximum number of miles you can drive a 


Company A car if it is to'cost you less than a 
Company B car? 


Strategy Your strategy 
(2x + 4) ft 


10 ft 


To find the maximum length: 

e Replace the variables in the area 
formula by the given values and solve 
for x. 

e Replace the variable in the expression 
2x + 4 with the value found for x. 


Solution Your solution 





(2x + 4)10 < 200 
20x + 40 < 200 
20x + 40 — 40 < 200 — 40 
20x < 160 
20x 160 
20.20 
x<8 
The length is (2x + 4) ft. Because x < 8, 


2x + 4 <.2(8) + 4 = 20. Therefore, the 
length is less than 20 ft. Lay 


The maximum length is 19 ft. 


Solution on pp. S6—S7 
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~ 2. 
; examples of its use. 
3. 
ar -l7  b.8 
4. 
a. 6 b. —4 
Solve. 
Deo 
8) 6x > 12 
ie 3x51 2x64+.2 
14, 34 72<8 
Ti 66-63 4x. = | 
20ee 5c 4 2x + 5 
DEN MPP ee | 
26) = a7 
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Objective A 


2.4 Exercises 


State the Addition Property of Inequalities and give numerical examples 


of its use. 


State the Multiplication Property of Inequalities and give numerical 


Which numbers are solutions of the inequality x + 7 < —3? 
d. 0 


Which numbers are solutions of the inequality 2x — 1 > 5? 
d. 5 


12 


15. 


18. 


21. 


24. 


273 
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xX 4 = 2 


= se >> ts 


5x +22=24x-1 


5x —2=8 


i nO 


CE GSS 1) 


5a 18 


Axgee 2D xk lI 


10. 


133 


16. 


19: 


ie 


25. 


28. 


4x = 8 


—30 = =o 


2x —1>7 


44 +3 = —1 


See l= 2e- > 13 


D = Sye > 7 


=A > 11 


6xe hr x = 10 


120 Chapter 2 / First-Degree Equations and Inequalities 
















29. x+7=4x-8 30. 3x +15 7x -—15 31. 3x +2=7x%4+4 
3 3 5 1 
Kk Sel eA 
32.30 = 5 = —2 4 5 33. 5% Ca iy 34. ae 6 Be 
2 Ske]: 1 i Sie 5 1 3 7 
Soe » x -S<ix ts 878 —x-—<=—x-2 
Sore 5 pare 20s oe eae Sita” 
38. 6—2@ =4):2 27 + 10 39, 4(2¢— 1) S34 — 267 —5) 
40. 2(1 — 3x) -4>10+ 3(1 —x) 41. 2—=S5(% + 1) 236-1) =3 
a Zaman 2 J 2X) 3( 3X) 43. 34 264.5) =x $564 4)44 
eke) (Sho) S22 — 5 = 14) 45. ly 23x = 2) 2 5xn = 26 =70) 
Objective B 






©, 46. a. Which set operation is used when a compound inequality is combined 
with or? 

b. Which set operation is used when a compound inequality is combined 
with and? 


47. Explain why writing —3 > x > 4 does not make sense. 


Solve. 
48. 3x<6andx+2>1 49 bees = endo 
508i x 2 5-0r3x 33 51255 Gone 4 
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52. 


54. 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


70. 


ze 


—2x > —8 and —3x < 6 


1 
pa orn = 0 


Miteaee= Sland 2216 


—5< > (0andx +1 >6 


Jae >) l-and 3x — 1 <2 


Sree Olom2x. — be 5 


—7 = 3x44 < 16 


O24 = 64 


Ae Me 11 Or deel = — 11 


oe 5 and 30°— 1S 1 


Cea ies Tian 3% sear) 


53. 


55. 


57: 


ahh, 


61. 


63. 


65. 


67. 


69. 


TAL 


(ioe 
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1 
Bee 2 andox — 10 


y) 
pe et One 


Bee = CN alee sy 
tee Vang Ie, 4 

4g el <5 andy ere al 
6x) — 92) = ald Orr lus lal 
Sicidg 3 21 

eo act 

cham anes OMae shen er = 810) 
642 = 5 or 4 > 16 


8x + 2 <= -14and 4x — 2> 10 
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At. Bo l= 4 or4y7 9 al 715. 5% 12 = 2 ori seas 
76. =-6=5¢-+ 14 = 24 Ties 1 = ars oN 

They, 3G = Res WPI espe Go Re alts 79. 1 ~ Se Seana tee mete 
SO = 7 and 9 — x= 3 81. (6¢ 45" — =[or lea 





Objective C Application Problems 

82. Five times the difference between a number and two is greater than the 
quotient of two times the number and three. Find the smallest integer 
that will satisfy the inequality. 


83. Two times the difference between a number and eight is less than or equal 
to five times the sum of the number and four. Find the smallest number 
that will satisfy the inequality. 


84. The length of a rectangle is 2 ft more than four times the width. Express 
as an integer the maximum width of the rectangle when the perimeter is 
less than 34 ft. 


85. The length of a rectangle is 5 cm less than twice the width. Express as an 
integer the maximum width of the rectangle when the perimeter is less 
than 60 cm. 


In 2002, the computer service America Online offered its customers the 
option of paying $23.90 per month for unlimited use. Another option was 
a rate of $4.95 per month with 3 free hours plus $2.50 per hour thereafter. 
How many hours per month can you use this second option if it is to cost 
you less than the first option? Round to the nearest whole number. 


@s 
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87. 


88. 


89. 


90. 


oi 


OZ. 


93. 


94. 
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TopPage advertises local paging service for $6.95 per month for up 
to 400 pages and $.10 per page thereafter. A competitor advertises 
service for $3.95 per month for up to 400 pages and $.15 per page 


thereafter. For what number of pages per month is the TopPage plan less 
expensive? 


Suppose PayRite Rental Cars rents compact cars for $32 per day with 
unlimited mileage and Otto Rentals offers compact cars for $19.99 per 
day but charges $.19 for each mile beyond 100 mi driven per day. You 
want to rent a car for one week. How many miles can you drive during 
the week if Otto Rentals is to be less expensive than PayRite? 


During a weekday, to call a city 40 mi away from a certain pay phone 
costs $.70 for the first 3 min and $.15 for each additional minute. If you 
use a calling card, there is a $.35 fee and then the rates are $.196 for the 
first minute and $.126 for each additional minute. How long must a call 
be for it to be cheaper to pay with coins rather than a calling card? 


The temperature range for a week was between 14°F and 77°F. Find the 


temperature range in Celsius degrees. F = =C roe 


The temperature range for a week in a mountain town was between 0°C 
and 30°C. Find the temperature range in Fahrenheit degrees. 

SG 3?) 
CEN. Fo 


You are a sales account executive earning $1200 per month plus 6% com- 
mission on the amount of sales. Your goal is to earn a minimum of $6000 
per month. What amount of sales will enable you to earn $6000 or more 
per month? 


George Stoia earns $1000 per month plus 5% commission on the amount 
of sales. George’s goal is to earn a minimum of $3200 per month. What 
amount of sales will enable George to earn $3200 or more per month? 


Heritage National Bank offers two different checking accounts. The first 
charges $3 per month and $.50 per check after the first 10 checks. The 
second account charges $8 per month with unlimited check writing. How 
many checks can be written per month if the first account is to be less 


expensive than the second account? 
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95. 


96. 
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98. 


99. 
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Glendale Federal Bank offers a checking account to small businesses. 
The charge is $8 per month plus $.12 per check after the first 
100 checks. A competitor is offering an account for $5 per month plus 
$.15 per check after the first 100 checks. If a business chooses the first 
account, how many checks does the business write monthly if it is 
assumed that the first account will cost less than the competitor's 
account? 


An average score of 90 or above in a history class receives an A grade. 
You have grades of 95, 89, and 81 on three exams. Find the range of 
scores on the fourth exam that will give you an A grade for the course. 


An average of 70 to 79 in a mathematics class receives a C grade. A stu- 
dent has grades of 56, 91, 83, and 62 on four tests. Find the range of 
scores on the fifth test that will give the student a C for the course. 


Grade A hamburger cannot contain more than 20% fat. How much 
fat can a butcher mix with 300 lb of lean meat to meet the 20% 
requirement? 


A shuttle service taking skiers to a ski area charges $8 per person each 
way. Four skiers are debating whether to take the shuttle bus or rent a 
car for $45 plus $.25 per mile. The skiers will share the cost of the car, 
and they want the least expensive method of transportation. How far 
away is the ski area if they choose the shuttle service? 


APPLYING THE CONCEPTS 


100. 


101. 


102. 


103. 


104. 


Determine whether the statement is always true, sometimes true, or 
never true, given that a, b, andc are real numbers. 

a. Ifa > b, then —a > —b. 

b. Ifa < b, then ac < be. 

c. Ifa>b,thena+c>bt+c. 

d 


E Ifa # 0, b #0, anda > b, then- >. 


Use the roster method to list the set of positive integers that are solu- 
tions of the inequality 7 — 2b = 15 — 5b. 


Determine the solution set of 2 — 3(x + 4) <5 — 3x. 


Determine the solution set of 3x + 2(x — 1) > DiC L). ." 


The average of two negative integers is less than or equal to +15. The 
smaller integer is 7 less than the larger integer. Find the greatest possi- 
ble value for the smaller integer. 
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Absolute Value Equations 
and Inequalities 





4 





The absolute value of a number is its distance from zero on the number line. 
Distance is always a positive number or zero. Therefore, the absolute value of a 
number is always a positive number or zero. 


The distance from 0 to 3 or ras 3 9 a 
from 0 to —3 is 3 units. 


bre 3273 


-5-4-3-2-1 012 3 45 


An equation that contains an absolute value symbol is called an absolute value 
equation. The solution of an absolute value equation is based on the following 








property: 
i= (end in — a, then «— a ore = a. 
For instance, given |x| = 3, then x = 3 or x = —3, because |3| = 3 and |—3| = 3. 


= Solve: |x + 2| = 8 





lx + 2} = 8 

| TAK E NOTE | xia — 8 Xie 2 ee © Remove the absolute value sign and rewrite 
_ Because the absolute as two SoMa 

value of x + 2 is 8, the x=6 hae U) ¢ Solve each equation. 
' number x + 2 is 8 units 
_ from 0 on the number | Check: |x at 2| as |x na 2| ae 

line. Therefore,x +2is 
' equal to 8 or —8. / |6 + 2| 8 |-10 zi 2| 8 

pee [3] | 8 8 [oes 


The solutions are 6 and —10. 


= Solve: |5 — 3x| — 8 = —4 


IS — 3x|-8=—4 
[5 — 3x| =4 e Solve for the absolute value. 
5 — 3x =4 eee 


II 
| 
a 


e Remove the absolute value sign and 
rewrite as two equations. 
e Solve each equation. 


5 = 3xh= 8 = 34 





I5 — 33))}-8 | -4 

(5 -—9|-8 | -4 

4-8 | -4 

-4=-4 -4=-4 


1 
The solutions are . and 3. 
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| a ee ee ee en ME Ft Me ae 
Bexemcis 1 You Try It 1 
Solve: |2 — x| = 12 Solve: |2x — 3] = 5 
Solution Your solution 
|2 =Ki= 12 
My = §e =D ds c= Np 
onl) =) = = 1/4! 
i — 10 oo == (14 
The solutions are —10 and 14. = 
Example 2 You Try It 2 
Solve: 3 — [2x — 4 = =5 Solve: 5 — [3x + 5] = 3 
Solution Your solution 
35>) [2% 4-4),.2 45 ; 
—|2x — 4| = -8 
lax — 4 =8 
Hse = A ss i 2x —4=—-8 
al 2G = tll 
KE=2O gS HZ 


The solutions are 6 and —2., 
Solutions on p. S7 


ee Wig 
_ Ueto" =; To solve an absolute value inequality We ragN 


Recall that absolute value represents the distance between two points. For exam- 
ple, the solutions of the absolute value equation |x — 1| = 3 are the numbers 
whose distance from 1 is 3. Therefore, the solutions are —2 and 4. 





The solutions of the absolute value inequality Distance Distance 
lc — 1| < 3 are the numbers whose distance less than 3. less than 3 
from 1 is less than 3. Therefore, the solutions Saari. 
are the numbers greater than —2 and less than =5. 4-3-2 VG ie ee 


4. The solution set is {x| —2 <x < 4}, 


To solve an absolute value inequality of the form |ax + b| < c, solve the 
equivalent compound inequality —c < ax + b <c. 


| TAKE NOTE 





™ Solve: (3x = 1/<5 


| Because the absolute 


= ceaarnieetcmbraneserenscneie 


value of 3x — 1 is less |3x me 1| 5 
Gee Pes Se =x 15 ° Solve the equivalent compound inequality. 
x — 1 is less than | 
5 units from 0 on the i rons ES Ry Bw Pee at ee ee ee 
number line. | SYM es 
Ae. 6 
F -Ssde3=2-1001 203.445 Eg EE 
Therefore, 3x — lis | 3 3 3 
between —5 and 5. 4 
aa Ti ee 2 





: 8) 


4 
{+1-$<x <2 





NRE ene |y e) e RAS a REE RE A OWA Kee 


nt ne 
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| TAKE NOTE 

_ Because the absolute 

_ value of 3 — 2x is 

_ greater than 1, the 

_ number 3 — 2x is more 
' than 1 unit from 0 on Gea ori 3-- 22K | 


than 1. 
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The solutions of the absolute value inequal- Distance Distance 

ity |x + 1| > 2 are the numbers whose dis- greater than 2 greater than 2 
tance from —1 is greater than 2. Therefore, ae ai. 
the solutions are the numbers that are less PORE Te ees 


than —3 or greater than 1. The solution set 
Of |x + 1] > 2 is falx < —3 orx > 1}. 


_ the number line. —2x < —4 
58 SP 
—5-4-3-2-10 12345 {x |x oD | 


_ Therefore, 3 — 2x is 
less than —1 or greater {x 





P Solve: (3 = 2x) > 1 


Sage N Oly ec Greeccol a 


To solve an absolute value inequality of the form |ax + b| > c, solve the 
equivalent compound inequality ax + b < -c orax + b>c. 


S262 ® Solve each inequality. 
ee 
(obe=t} 


e Find the union of the solution sets of the two 


= {x|x > 2 orx < 1} inequalities. 


inteiatdisiatdla = @ aaidieala, o 6 © 6 a 6s « 0.64 b)e ss .0.8 © 6 6 & 0 0 0 6.0 6 8 6 6 6.0 016 0.06 OM ©: 0.6 6 6) 0 0:0).0 eile 6.6 © O10: 06. 0 06 © 6 0 (016) 6. 4 wt 86 01 n). 0 B10) O19) 68:60 C8 Cie) Ore 8 


“Example 3 


Solution 


eee reese eee eeeee 
Sen Ae o oo' > elisa! de 0..m wileialte’ wiiets’ b\'e\(6 a 4! 6.91 Nie) *\'¢ (0) eeieie wiggle? 6.2.0) 0.2! She 2 G0" > Soe 


‘Example 4 


Solution 


Solve: |4x — 3| <5 


Solve the equivalent 
compound inequality. 


= = AG 3 = 3D 
—5 +3 = 44 -—37+3<524 3 
Jaz 4, <8 





Solve: |2x — 1| > 7 


Solve the equivalent compound 
inequality. 


ee ties, of 2x’ sil.47 


2x < -6 28 
Seu, x>4 
fx lo 33) {x|x > 4) 


(in 3) {x|x > 4} 
= (x|x < —3 orx > 4} 


© You Try It 3 Solve: |3x + 2| < 8 


Your solution 


ene ewnscrecre rece ee oe oeeeaseeeere se Cees 


Your solution 


Solutions on p. S7 


128 Chapter 2 / First-Degree Equations and Inequalities 


Objective C To solve application problems 


The tolerance of a component, or part, is the acceptable amount by which 
the component may vary from a given measurement. For example, the di- 
ameter of a piston may vary from the given measurement of 9 cm by 0.001 cm. 
This is written 9 cm + 0.001 cm and is read “9 centimeters plus or minus 0.001 
centimeter.” The maximum diameter, or upper limit, of the piston is 
9 cm + 0.001 cm = 9.001 cm. The minimum diameter, or lower limit, is 
9cm = 0.001 cm = 8:999 cm. 








The lower and upper limits of the diameter of the piston could also be found 
by solving the absolute value inequality |d — 9| < 0.001, where d is the diame- 
ter of the piston. 





ld — 9| = 0.001 
—0.001= d=" 9r= 0.001 
—J.00l3 9= da — OF = 0001 ae 
8.999 <d = 9.001 


The lower and upper limits of the diameter of the piston are 8.999 cm and 


9.001 cm. 
| . 
Example 5 © You Try it 5 
A doctor has prescribed 2 cc of medication for A machinist must make a bushing that has a 
_a patient. The tolerance is 0.03 cc. (In the diameter of 2.55 in. The tolerance of the 
medical field, cubic centimeter is usually bushing is 0.003 in. Find the lower and upper 
abbreviated cc.) Find the lower and upper limits of the diameter of the bushing. 
limits of the amount of medication to 
be given. 
Strategy . Your strategy 


Let p represent the prescribed amount of 
medication, T the tolerance, and m the 
given amount of medication. Solve the 
absolute value inequality |m — p|. =< T 
for m. 


Solution Your solution 
spl 7 
|m — 21 = 0.03 
—0:03 = m— 2 =.0.03 
UO Scheel = ee 2 = 0 03a? 
97 =m = 2,03 


The lower and upper limits of the amount of Leet 
medication to be given are 1.97 cc and 2.03 cc. 


Solution on p. S7 
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2.5 Exercises 






Objective A 


1. Is 2-a-solution of 


|x = 8| = 6? 
Solve. 
Sarit) = 2 
oy) = 6 
13. |x| = —4 


17. |y—5|=3 


24 (3 —4x|=9 


25. |3x —2|=-4 


28. |x —9|-3=2 


31. |2-y|+3=4 


34. [4x -—7|-5=-5 
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ZA 


2. Is—2asolutionof 3. Is —1 a solution of 
l2x — 5| = 9? 3x — 4| = 7? 

6. lal =2 7. |bl=4 
10. |—-7| =3 seer 
14. |y| =-3 15. |x +2|=3 
[Seale St 19. |x —2|=-4 
22. |2 - 5x| =3 23. |2x —3|=0 

26. |2x + 5|=—-2 

29. |3a + 2|-4=4 


32 


35 


moet ys = | 


iy 2h ssh 


30 


33 


4. Is 1asolution of 
lox — 1] = —5? 


8. |c| = 12 


12.2 =x) 3 


16. |x+5|=2 


20. |x + 8|=—-2 


24. |5x+5|/=0 


Ce) Vee te) 


. |2a+9/+4=5 


en eS le eee 


. se a2e k= At 


130 










SW 


40. 


43. 


46. 


49. 


52: 


55. 


58. 


Objective B 


61. 
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lox —5|-2=4 


5x —2)+5=7 


Saaz — 3) — 5 


50) 23 


|2x — 8} + 12 =2 


Sere lis 


Cee 4) 3 


3 —|3 — 5x| = -2 





Solve. 


ele 3 


G4 |X. 2) 1 


672 2h 3 


38. 


41. 


44. 


47. 


50. 


53. 


56. 


59. 


62. 


65. 


68. 


|4b + 3|-2=7 


= [xe 45 


S= (37 #2|=3 


ss ae BY clicae == 


lax — 4) + 8 =3 


Bee Pee i= Ss 


8 —|3x-2|=5 


Dit 2) = 3 


elias 


a> eat 


(aera? 


ao 


42. 


4 


48. 


so 


54. 


ile 


60. 


63. 


69. 


|3¢+2|+3=4 


2 xe = 5|=.4 


(2 = 30) 47 =e 


lo —5b| -4=3 


2+|3x-4)=5 


3 —|5x +3) =3 


8—|1— 3x|=-1 


6 (Se 2a 


laste t|2 


4 


(2 =P Ep) a8 
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92 


Objective C 


91. 


93. 
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70. [3x —2|<4 71. |5x + 2|> 12 72 al Te Sis 13 
faei4t 3 74. |5¢ +1) <-4 Tele iilieiek 
76.< (3x =|. —4 77. \4—3x|=5 78. |7—2x|>9 
79. |5 — 4x|<13 80. |3 — 7x|<17 81. |6 — 3x|<0 
82. |10 — 5x|=0 83. |2 —9x| > 20 84. |5x — 1|< 16 
85. |2x —3|+2<8 (Spell yet mule) el alec 9 87. |2-5x|—-4>—2 
88. |4 —2x|-9>-3 89. 8 — |2x —5|<3 90. 12 — [3x —4|>7 





Application Problems 


The diameter of a bushing is 1.75 in. The bushing has a tolerance of 
0.008 in. Find the lower and upper limits of the diameter of the bushing. 





_ A machinist must make a bushing that has a tolerance of 0.004 in. The 
diameter of the bushing is 3.48 in. Find the lower and upper limits of the 
diameter of the bushing. 


An electric motor is designed to run on 220 volts plus or minus 25 volts. 
Find the lower and upper limits of voltage on which the motor will run. 


132 
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94. A power strip is utilized on a computer to prevent the loss of program- 


95. 


96. 


ming by electrical surges. The power strip is designed to allow 110 volts 
plus or minus 16.5 volts. Find the lower and upper limits of voltage to 
the computer. 


Pee Fe: ; ee 
A piston rod for an automobile is 95 in. long with a tolerance of apne 


Find the lower and upper limits of the length of the piston rod. 


. : oe San : 
The diameter of a piston for an automobile is 352 ul with a toler- 
1 ae : 
ance of Aa in. Find the lower and upper limits of the diameter of the 


piston. 


The tolerance of the resistors used in electronics is given as a percent. Use your 
calculator for the following exercises. 


97. 


98. 


99. 


100. 


Find the lower and upper limits of a 29,000-ohm resistor with a 2% 
tolerance. 


Find the lower and upper limits of a 15,000-ohm resistor with a 10% 
tolerance. 


Find the lower and upper limits of a 25,000-ohm resistor with a 5% 
tolerance. 


Find the lower and upper limits of a 56-ohm resistor with a 5% 
tolerance. 


APPLYING THE CONCEPTS 


101. 


102. 


103. 


For what values of the variable is the equation true? Write the solution 
set in set-builder notation. 
ape eaer + 3 b. |a— 4| 544 


Write an absolute value inequality to represent all real numbers within 
5 units of 2. 


Replace the question mark with <, =, or =. 


ay |i? x fy) b. |x —y| ? |x| = [y| 
KG XK 

Coy eee leo eal = Ih Fe eal tore teak 
yl |y| 





e. [xy| ? |x|ly| 
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& Focus on Problem Solving 


From Concrete 
to Abstract 


In your study of algebra, you will find that the problems are less concrete than 
those you studied in arithmetic. Problems that are concrete provide information 
pertaining to a specific instance. Algebra is more abstract. Abstract problems are 
theoretical; they are stated without reference to a specific instance. Let’s look at 
an example of an abstract problem. 

How many minutes are in / hours? 


A strategy that can be used to solve this problem is to solve the same problem 
after substituting a number for the variable. 


How many minutes are in 5 hours? 


You know that there are 60 minutes in 1 hour. To find the number of minutes in 
5 hours, multiply 5 by 60. 


60 e253 U0) There are 300 minutes in 5 hours. 


Use the same procedure to find the number of minutes in /: hours: multiply /: 
by 60. 


60 - / = 60h There are 60h minutes in / hours. 
This problem might be taken a step further: 
If you walk 1 mile in x minutes, how far can you walk in h hours? 
Consider the same problem using numbers in place of the variables. 
If you walk 1 mile in 20 minutes, how far can you walk in 3 hours? 


To solve this problem, you need to calculate the number of minutes in 3 hours 
(multiply 3 by 60), and divide the result by the number of minutes it takes to 
walk one mile (20 minutes). 


60 73m 130% If you walk 1 mile in 20 minutes, you can 


20 0) = walk 9 miles in 3 hours. 
Use the same procedure to solve the related abstract problem. Calculate the 
number of minutes in /: hours (multiply /, by 60), and divide the result by the 


number of minutes it takes to walk 1 mile (x minutes). 


60: 60h If you walk 1 mile in x minutes, you can walk 





x 4 60h miles in / hours. 


Xx 


At the heart of the study of algebra is the use of variables. It is the variables in 
the problems above that make them abstract. But it is variables that allow us to 
generalize situations and state rules about mathematics. 


Try each of the following problems. 


1. How many hours are in d days? 
2. You earn d dollars an hour. What are your wages for working / hours? 
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10. 


. If p is the price of one share of stock, how many shares can you purchase 


with d dollars? 


. A company pays a television station d dollars to air a commercial lasting s 


seconds. What is the cost per second? 


. After every v videotape rentals, you are entitled to one free rental. You have 


rented t tapes, where t < v. How many more do you need to rent before you 
are entitled to a free rental? 


. Your car gets g miles per gallon. How many gallons of gasoline does your car 


consume traveling t miles? 


. If you drink j ounces of juice each day, how many:days will g quarts of the 


juice last? 


. A TV station has m minutes of commercials each hour. How many ads last- 


ing s seconds each can be sold for each hour of programming? 


. A factory worker can assemble p products in m minutes. How many prod- 


ucts can the factory worker assemble in h hours? 


If one candy bar costs n nickels, how many candy bars can be purchased 
with gq quarters? 


e Projects and Group Activities 


' Prime and A prime number is a natural number greater than 1 whose only natural- 
Composite Numbers number factors are itself and 1. The number 11 is a prime number because the 
only natural-number factors of 11 are 11 and 1. 


Eratosthenes, a Greek philosopher and astronomer who lived from 270 to 
190 B.c., devised a method of identifying prime numbers. It is called the Sieve of 
Eratesthenes. The procedure is illustrated below. 


* A GOS 2 © @ ke - 


OG .@ 4.5.6. 6 @ Se 1 
2 @ 46 © «© © q 26 
22 C2 4 28 6 27 2. © 
2 FF Fe Be. es Mw 
ay 63) a ee 5 
Ag ge i ge aay oe ee ae) 
2 @3) oe Bo 6 B 30 
#2 ee @Q 96 
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Investigation 
into Operations 
with Even and 
Odd Integers 
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List all the natural numbers from 1 to 100. Cross out the number 1, because it is 
nota prime number. The number 2 is prime; circle it. Cross out all the other mul- 
tiples of 2 (4, 6, 8, .. .), because they are not prime. The number 3 is prime; cir- 
cle it. Cross out all the other multiples of 3 (6, 9, 12,...) that are not already 
crossed out. The number 4, the next consecutive number in the list, has already 
been crossed out. The number 5 is prime; circle it. Cross out all the other multi- 
ples of 5 that are not already crossed out. Continue in this manner until all the 
prime numbers less than 100 are circled. 


A composite number is a natural number greater than 1 that has a natural- 
number factor other than itself and 1. The number 21 is a composite number 
because it has factors of 3 and 7. All the numbers crossed out in the preceding 
table, except the number 1, are composite numbers. 


1. Use the Sieve of Eratosthenes to find the prime numbers between 100 
and 200. 


2. How many prime numbers are even numbers? 


3. Find the “twin primes” between 1 and 200. Twin primes are two prime num- 
bers whose difference is 2. For instance, 3 and 5 are twin primes; 5 and 7 
are also twin primes. 


4. a. List two prime numbers that are consecutive natural numbers. 


b. Can there be any other pairs of prime numbers that are consecutive 
natural numbers? 


5. Some primes are the sum of a square and 1. For example, 5 = 2* + 1. Find 
another prime p such that p = n? + 1, where 7 is a natural number. 


6. Find a prime number p such that p = n? — 1, where n is a natural number. 


7. a. 4! (which is read “4 factorial”) is equal to 4- 3-2-1. Show that 4! + 2, 
A! + 3, and 4! + 4 are all composite numbers. 
b. 5! (which is read “5 factorial”) is equal to5-4-3-2-1. Will 5! + 2, 
5! + 3,5! + 4, and 5! + 5 generate four consecutive composite numbers? 
c. Use the notation 6! to represent a list of five consecutive composite 
numbers. 


Complete each statement with the word even or odd. 


























1. If k is an odd integer, then k + 1 is an integer. 

2. If k is an odd integer, then k — 2 is an integer. 

3. If 1 is an integer, then 2n is an integer. 

4. If m and n are even integers, then m — n is an integer. 

5. If m and n are even integers, then mn is an integer. 

6. If m and n are odd integers, then m + n is an integer. 

7. If m and n are odd integers, then m — 7 is an integer. 

8. If m and n are odd integers, then mn is an integer. 

9. If m is an even integer and 7 is an odd integer, then m — n is an 
integer. 


_If m is an even integer and n is an odd integer, then m + n is an 
integer. 


—_ 
i=) 
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Chapter Summary 


Key Words 


Essential Rules 


An equation expresses the equality of two mathematical expressions. A solution 
of an equation is a number that, when substituted for the variable, results in a 
true equation. To solve an equation means to find a solution of the equation. 


[pp. 73, 74] 


An inequality is an expression that contains the symbol >, <, =, or S. The solu- 
tion set of an inequality is a set of numbers, each element of which, when substi- 
tuted for the variable, results in a true inequality. [p..113} 


A compound inequality is formed by joining two inequalities with a connective 


word such as and or or. [p. 116] 


The absolute value of a number is its distance from zero on the number line. An 
equation that contains an absolute value symbol is an absolute value equation. 


[p. 125] 


Addition Property of Equations [p. 74] 


Multiplication Property of Equations 
Gomrecy 


Addition Property of Inequalities [p. 113] 


Multiplication Property of Inequalities 
[p. 114] 


Basic Percent Equation [p. 77] 


Value Mixture Equation [p. 97] 


Percent Mixture Equation [p. 99] 


Annual Simple Interest Equation 
[p. 101] 


Uniform Motion Equation [p. 103] 


To solve an absolute value inequality of the form lax + b| <c, solve the : 


Ifa =b,thena+c=b +e. 


Ifa =b andc + 0, then ag = ba 


Ifa >b,thena+c>bec. 
Ifa<b,thena+c<bde. 


Rule 1 
Ifa >bandc > 0, thenac > be. 
Ifa <bandc > 0, thenac < be. 
Rule 2 
Ifa >bandc <0, thenac < be. 
Ifa <bandc <0, thenac > be. 


Percent - base = amount 
P-B=A 


Amount - unit cost = value 


Ana —al/4 
Amount of —_ percent of quantity of 
solution concentration ~ substance 
A:-r=Q 
Principal - ‘imterest _ interest 
rate earned 
Pi spaeas P 


a 
\ 


Rate - time = distance 
ta = 4. 


equivalent compound inequality —c < ax + b <c. [p. 126] 


To solve an absolute value inequality of the form lax + b| > c, solve the 


equivalent compound inequality ax + b < 


SAOnae bs o epee’ 


seeee 
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11. 


13. 


15. 


Ve 


19. 


20. 


PA le 


e Chapter Review 


Is 3. a solution of 5x — 2 = 4x + 5? 


. Solve: =a =) 


. Solve: 14x + 7x + 8 = —10 
. Solve: —6x + 16 = —2x 


. Solve: x + 5(3x — 20) = 10(% — 4) 


Solve: 4 — 3(x + 2) < 2(2x + 3) -— 1 


Solve oe — 2 =x — 4 oreo 8ec3 


Solve: 


x—-4|-8=-3 


Solve: |4< — 5| = 3 


5% of what is 8? 


10. 


12. 


14. 


16. 


18. 


Chapter Review 137 


. Solve: x + 3 = 24 


. Solve: —4x — 2 = 10 


POGIVE 21 2ye et leat oy hee 


tSolvex620113(2%0-— 1) Se=27 


Solve: 3% — 7. —2 


Solve: 3x <= 4 andx +2 > —1 


Solve: |3 — 5x| = 12 


Solve a hte ns 


30 is what percent of 12? 


Translate “four less than the product of five and a number is sixteen” into an 


equation and solve. 


The sum of two numbers is twenty-one. Three times the smaller number is 


two less than twice the larger number. Trans 


the two numbers. 


late into an equation. Then find 


138 Chapter 2 / First-Degree Equations and Inequalities 


22. An airline knowingly overbooks certain flights by selling 18% more tick- 
ets than there are available seats. How many tickets would this airline sell 
for an airplane that has 150 seats? 


23. An auto manufacturer offers a rebate of $1000 on each car sold by a deal- 
ership. A customer bought a car from the dealership for $16,500. What 
percent of the cost is the $1000 rebate? Round to the nearest tenth of 
a percent. 





24. A health food store combined cranberry juice that costs $2.79 per quart with 
apple juice that costs $2.19 per quart. How many quarts of each were used 
to make 10 qt of a cranapple juice mixture that costs $2.31 per quart? 


25. Find the cost per ounce of a sun screen made from 100 oz of a lotion that costs 
$2.50 per ounce and 50 oz of a lotion that costs $4.00 per ounce. 


26. A dairy mixed 5 gal of cream that is 30% butterfat with 8 gal of milk that is 
4% butterfat. What is the percent concentration of butterfat in the resulting 
mixture? 


27. An alloy containing 30% tin is mixed with an alloy containing 70% tin. 
How many pounds of each were used to make 500 lb of an alloy containing 
40% tin? 


28. An investment banker invested 45% of the bank’s available cash in an 
account earning 8.5% annual simple interest. The remainder of the cash was 
placed in an account earning 10% annual simple interest. The interest 
earned in one year was $41,962.50. What was the total amount invested? 


29. A club treasurer deposited $2400 into two simple interest accounts. On one 
account the annual simple interest rate was 6.75%. The annual simple inter- 
est rate on the other account was 9.45%. How much was deposited in each 
account if both accounts earned the same amount of interest? 


30. A jet plane traveling at 600 mph overtakes a propeller-driven plane that had 
a 2-hour headstart. The propeller-driven plane is traveling at 200 mph. How © 
far from the starting point does the jet overtake the propeller-driven plane? 


31. A bus traveled on a straight road for 2 hat an average speed that was 20 mph 
faster than it traveled on a winding road. The time spent on the winding 


road was 3 h. Find the average speed on the winding road if the total trip was 
200 mi. 


32. An average score of 80 to 90 ina psychology class receives a B grade. A stu- 
dent has grades of 92, 66, 72, and 88 on four tests. Find the range of scores 
on the fifth test that will earn the student a B for the course. 


33. A doctor has prescribed 2 cc of medication for a patient. The tolerance is 


0.25 cc. Find the lower and upper limits of the amount of medication to be 
given. 
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11. 


13. 


15. 


17. 


. Solve: 


5 IS =z 


. What 


. Solve 


Solve 


Solve 


Solve 


Solve 


eS Chapter Test 


Bie bese 8 


. Solve: 3x — 5 = —-14 


a solution of x? — 3x = 2x — 6? 


is 0.5% of 8? 


Mae oie = 2X = 5 


ar —-2=2 60% + 7 


ae ey Or 2. 8 58 


:|3 — 5x| = 12 


ioe oa 4 


10. 


12; 


14. 


16. 


18. 


. Solve: 


. Solve 


. Solve 


. Solve 


Solve: 


Solve 


Solve 


Solve 


Solve 


Chapter Test 


= oS = Ss 


Aa 2 Se 2K = 2 (See) 


Ba = Blog == je) 


75% — 2(40 93) = "6x 479 


4 = B(x 2) =2(77 43) 4 


SA Syn) andy ee 


“Qe 2-5) —7 


MAK S13 1S 


139 


140 


19. The sum of two integers is fifteen. Eight times the smaller integer is one less 


20. 


P24 be 


22: 


23: 


24. 


PAY 


Chapter 2 / First-Degree Equations and Inequalities 


than three times the larger integer. Find the integers. 


A butcher combines 100 Ib of hamburger that costs $2.40 per pound with 
60 lb of hamburger that costs $3.20 per pound. Find the cost of the ham- 
burger mixture. 


How many gallons of water must be mixed with 5 gal of a 20% salt solution 
to make a 16% salt solution? 


A trust administrator divided $20,000 between two accounts. One account 
earns an annual simple interest rate of 3%, and the second account earns an 
annual simple interest rate of 7%. The total annual income from the two 
accounts is $1200. How much is invested in each account? 


A cross-country skier leaves a camp to explore a wilderness area. Two hours 
later a friend leaves the camp in a snowmobile, traveling 4 mph faster than 
the skier, and meets the skier 1 h later. Find the rate of the snowmobile. 


Gambelli Agency rents cars for $24 a day and 10¢ for every mile driven. 
McDougal Rental rents cars for $48 a day with unlimited mileage. How 
many miles a day can you drive a Gambelli Agency car if it is to cost you less 
than a McDougal Rental car? 


A machinist must make a shoulder bushing that has a tolerance of 0.002 in. 
The outer diameter of the bushing is 2.65 in. Find the lower and upper lim- 
its of the outer diameter of the bushing. 
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11. 


13. 


15. 


U7; 


. Subtract: 2 — (-3) 


é Cumulative Review 


Subtract: —6 — (—20) — 8 


fi 
16 


ts ae 
: simplify: > ~(5) +(3-3) 


S simyplity: 3x4 — 8x (= 12x) 


. Simplify: (16x) 5) 


Siaplity.—2(-x- = 3x + 2) 


Simplify: —3[2x — 4 — By loa ne 


Graph: {x|x < 3} N {x|x > —2} 


Borer Oe teal 2, Oud: +S 


Solve: =x =-—15 


10. 


12. 


14. 


16. 


18. 


Cumulative Review 141 


. Multiply: (—2)(—6)(—4) 


. Simplify: —4? - (-3] 


. Evaluate 3(a — c) — 2ab when a = 2, b = 3, 


And c= —4. 


= Simplify; 2¢— (0) (ah ta 


Simplify: —4(—9y) 


Simplifys —2@.= 3) 24 >) 


Find A M B given A = (-4, —2, 0, 2} and 
B = {-4, 0, 4, 8}. 


Is —3 a solution of x2 + 6x +9 =x + 3? 


Solve: 7x — 8 = —29 


142 


19. 


21. 


23. 


ples 


2A. 


29: 


30. 


31. 


2: 


33: 


Chapter 2 / First-Degree Equations and Inequalities 


Solve: 13 — 9x = —14 20. Solver sx 4.5 — 12% +S 

Solve: 11 — 4x = 2x + 8 22. Solve: 8x — 3(4x% — 5) = =2x —11 
Solve: 3 = 2(2x — 1) = 3(2x — 2) + 1 24. Solve: 3x +2=5andx+5=1 
Solver|39= 27 /e="5 26. Solve? |3x—"VWiEeS 

Write 55% as a fraction. 28. Write 1.03 as a percent. 

25% of what number is 30? 


Translate “the sum of six times a number and thirteen is five less than the 
product of three and the number” into an equation and solve. 


How many pounds of an oat flour that costs $.80 per pound must be mixed 
with 40 lb of a wheat flour that costs $.50 per pound to make a blend that 
costs $.60 per pound? 


How many grams of pure gold must be added to 100 g of a 20% gold alloy 
to make an alloy that is 36% gold? 


A sprinter ran to the end of a track at an average rate of 8 m/s and then 
jogged back to the starting point at an average rate of 3 m/s. The sprinter 
took 55 s to run to the end of the track and jog back. Find the length of 
the track. 
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7 on 


ee ee 


> 


 =@eicence 

- Section 3.1 ‘ 

_A To solve problems involving lines and 
angles 


_B_ To solve problems involving angles formed 
~ by intersecting lines 





Cc To solve problems involving the angles of > 

a triangle we hy 
Section 3.2 peti paid th taateak 
A To solve problems involving the perimeter a 
Fever, geometric figures any - ae 
B To solve problems involving the area of ieee 

= geometric figures al so 
- Section 3.3, . er ae 


- 


cA} To solve problems involving the volume of Aude 
solid | eae 
B To solve problems involving the surface area 
aes of a solid A ae 





ee 2 * " ae 
ene = Sey 
pete *- ; ee ae 
bray ie : 
St A ee _ s 
pekakaaaiss a aetna oka The best way to appreciate the different shapes and sizes of 
Fh pti grassy areas in Boston's Public Garden is to view the garden 
: oe e. E 2 4 
E eee from overhead. Each geometric shape, having its own set of 
Ww > e.% A = 4 & . . 
an oie : dimensions, combines to form the entire park. Exercise 98 on 
2 he 
2 Beers page 177 illustrates how to use a geometric formula to 
6D es ¥ : F 2 
= Peery eek hk rE : determine how large an area is and how much grass seed is 
ee en YO Sony 
= : : needed for an area that size. 
[av Reine, i + ‘ 
5 3 eS ol - i 
iS) > Sree . Py a t 
£ Se aOR aa ae ; ‘ 
a ee af ea, A oat a ae | aK 
a ~ Jr? eat > ie 
2 as Wes Aa .> pt, ~ . y 
(=| a) x, Ps = a. 2 x 
2 tate 2 ede 3 4 *s 
Sb Peres Sei PEA ai ta = 5 * 
5 “Ke ere % Ea ay hy lve a ri nL 
= ey eee ea ie : > 
© he eg Se. ae Merit } 
= Need help? For online student ‘resources, , such as section 
5 ) quizzes, visit this textbook’s website at : 
S ce college-hmco.com/students. 3s: : : 
Z ¥ y + ‘G 
ae eae & 4 % ee 
a ae ‘o> k: S ae 
ee Me at or oh Oi ee i 


eeoeeneveeeeeeeeevneeeeeeeeeeeweeeweeeeseseeeeeeeeee es eee eee ees es 





2. Solve: 32 + (97 +x) = 180 





3. Simplify: 2(18) + 2(10) 4. Evaluate abc when a = 2, b = 3.14, andc = 9. 


7 =| . a ; 4 
5. Evaluate xyz? when x = Ao 3.14 and = 3, 6. Evaluate 5b +¢) when a = 6, b’=325) and 
}s 15. 
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Introduction to Geometry 


Objective A To solve problems involving lines and angles 


The word geometry comes from the Greek words for “earth” and “measure.” 
The original purpose of geometry was to measure land. Today geometry is 
used in many fields, such as physics, medicine, and geology, and is applied in 
such areas as mechanical drawing and astronomy. Geometric forms are also 
used in art and design. 








Arou d 350 B.c., the Greek 
mathematician Euclid wrote 
the Elements, which contained 
all of the known concepts of 


geometry. Euclid’s contribution Th Bact : 
Be iat vanious concepts ree basic concepts of geometry are the point, 


into a single deductive system _ line, and plane. A point is symbolized by drawing 

that was based on a set of a dot. A line is determined by two distinct points 

axioms. and extends indefinitely in both directions, as the ~<—_s—____«—__ > / 
arrows on the line shown at the right indicate. 
This line contains points A and B and is repre- 
sented by AB. A line can also be represented by a 
single letter, such as ¢. 


A ray starts at a point and extends indefinitely in 
one direction. The point at which a ray starts is 
called the endpoint of the ray. The ray shown at A B 
the right is denoted by AB. Point A is the endpoint 

of the ray. 


A line segment is part of a line and has two end- 
points. The line segment shown at the right is A B 
denoted by AB. 


The distance between the endpoints of AGAs 


denoted by AC. If B is a point on AC, then AC (the —_— se 
distance from A to C) is the sum of AB (the dis- a B c 
tance from A to B) and BC (the distance from B AC =AB+BC 

to'C): 


=» Given AB = 22 cm and AC = 31 cm, find BC. 


AC=AB BC e Write an equation for the distances 
between points on the line segment. 
3h 22 2 BC e Substitute the given distances for 
AB and AC into the equation. 
= BE e Solve for BC. 
BC =9cm 


In this section we will be discussing figures that 
lie in a plane. A plane is a flat surface and can 
be pictured as a table top or blackboard that 
extends in all directions. Figures that lie in a 
plane are called plane figures. 


146 Chapter 3 / Geometry 


a5 





vide 


lived in 


(370-4 5). She 
Alexandria, Egypt, and lectured 
at the Museum, the forerunner 
of our modern university. She 
made important contributions 
in mathematics, astronomy, 
and philosophy. 


Lines in a plane can be intersecting or par- Intersecting 
allel. Intersecting lines cross at a point in Lines 
the plane. Parallel lines never meet. The 


distance between them is always the same. aes 
ee (Para 


INES 


The symbol || means “is parallel to.” In the A B 
figure at the right, j || k and AB || CD. Note 
that j contains AB and k contains CD. Par- 
allel lines contain parallel line segments. C D 


An angle is formed by two rays with the 

same endpoint. The vertex of the angle is Side 
the point at which the two rays meet. The 

rays are called the sides of the angle. 


Vertex 
Side 


If A and C are points on rays r, and r,, and B is the 
vertex, then the angle is called 2 B or 2 ABC, where 
Z is the symbol for angle. Note that either the 
angle is named by the vertex, or the vertex is the sec- 
ond point listed when the angle is named by 
giving three points. ZABC could also be called C 
ZCBA. : 


An angle can also be named by a variable written 
between the rays close to the vertex. In the figure 
at the right, 2x = ZORS and Zy = ZSRT. Note 
that in this figure, more than two rays meet at R. 
In this case, the vertex cannot be used to name 
an angle. 





An angle is measured in degrees. The symbol for 
degrees is a small raised circle, °. Probably be- 
cause early Babylonians believed that Earth revolves 
around the sun in approximately 360 days, the 


angle formed by a circle has a measure of 360° 
(360 degrees). 


360° 
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A protractor is used to measure an angle. Place the center of the protractor at 
the vertex of the angle with the edge of the protractor along a side of the angle. 
The angle shown in the figure below measures 58°. 





A 90° angle is called a right angle. The symbol 


TAKE NOTE | 
b_ represents a right angle. 99° 


The corner of a page of 
this book is a good 
example of a 90° angle. 


yeaa SGA ANTENA HCL DP TINIE SINE SNA SSRCEN NTE CCRT 


Perpendicular lines are intersecting lines that 
form right angles. 


The symbol 1 means “is perpendicular to.” In 
the figure at the right, p | q and AB | CD. Note 
that line p contains AB and line qg contains CD. 
Perpendicular lines contain perpendicular line 
segments. 








Complementary angles are two angles: whose 
measures have the sum 90°. 


e090: 70° A 
DIN SAS ) 50 


ZA and ZB are complementary angles. 
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| TAKE NOTE 


: Answers to application 
' problems must have 

_ units, such as degrees, 
| feet, dollars, or hours. 


9/0) O50) ONG 016 ere 68 whe) ele ee 616. 4)16 ule 68, dele eo 6 a 


A 180° angle is called a straight angle. 180° 
2 AOB is a straight angle. A O B 


Supplementary angles are two angles whose meas- 130° 
ures have the sum 180°. : 50° 


LA + ZB.= 130° + 50%= 180° 


ZA and ZB are supplementary angles. 


An acute angle is an angle whose measure is between 0° and 90°. 7 B above is 
an acute angle. An obtuse angle is an angle whose measure is between 90° and 
180°. ZA above is an obtuse angle. 


Two angles that share a common side are adjacent 
angles. In the figure at the right, 7 DAC and 7CAB 
are adjacent angles. ZDAC = 45° and ZCAB = 55°. 


Z DAB = ZDAC + ZCAB 
45° 4955°%="1002 





“> In the figure at the right, ZEDG = 80°. ZFDG 
is three times the measure of 7 EDF. Find the E F 
measure of Z EDF. 


D G 
Let x = the measure of ZEDF. Then 3x = the ZEDF + ZFDG = ZEDG 
measure of 7 FDG. Write an equation and solve x + 3x = 80 
for x, the measure of Z EDF. 4x = 80 
x = 20 


LEDF = 20° 


Piget cane ee i. 
B You Try It 1 


Example 1 
Given MN = 15 mm, NO = 18 mm, and Given QR = 24 cm, ST = 17 cm, and 
MP = 48 mm, find OP. QT = 62 cm, find RS. 
M N O Q R Sree 


Solution 


Your solution 


MN + NO + OP = MP 


154-18 +.0OP =-48 
33 + OP = 48 
OP = 15 


OP i> imim 


Solution on p. S7 
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SOS See AUS LBS elale ake, aj(6 (eee anne SESUETe Ole) ei) SUS) De: 66a) ead ct.ehane ve) @tolenece a : SR ae ee er OR gh So 8. oes Ae 
Example 2 : ; | You Try It 2 1 

Given XY = 9m and YZis twice XY,-find XZ. Given BC = 16 ft and AB = (BC), find AC. 
<—s——__«—_____s__» / —. ~ ; 

x Y Z AN ees “ 

Solution Your solution 

AZL= XY + YZ 

pie gre XY) 

XZ =9 + 2(9) 

XZ=9+ 18 

AZ = 27 

XZ = 27m 

Ne ere icis's Sas 'e'< slg-aearncre Situnedee « . Pee ee eS eee oye eg 
»Example 3 E You Try It 3 

Find the complement of a 38° angle. Find the supplement of a 129° angle. 
Strategy Your strategy 

Complementary angles are two angles whose 

sum is 90°. To find the complement, let x 

represent the complement of a 38° angle. Write 

an equation and solve for x. 

Solution Your solution 

38° =.90° 

x = 52° 

The complement of a 38° angle is a 52° angle. 

Example 4 You Try It 4 

Find the measure of 2x. Find the measure of Za. 

118° 
, a 
\A 
47° 
Strategy Your strategy 


To find the measure of 2.x, write an equation 
using the fact that the sum of the measure of 
Zx and 47° is 90°. Solve for 2x. 


Your solution 


Solution 
Axe 47? = 90° 
ERIEAAS 


The measure of 2x is 43°. 


Solutions on pp. S7-S8& 
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Objective B To solve problems involving angles 


: d : yDES 
formed by intersecting lines 









Poin of | aterest Four angles are formed by the intersection 
Mangia Pic New World, of two lines. If the two lines are perpendic- 
unlike those in Europe, were ular, then each of the four angles is a right 
designed using rectangular angle. 


street grids. Washington, D.C. 

was planned that way except 

that diagonal avenues were 

added, primarily for the a 
purpose of enabling quick 


troop movement in the event P ; 
trabeibpreauied defences ASen If the two lines are not perpendicular, then 


added precaution, monuments two of the angles formed are acute angles 
of statuary were constructed at and two of the angles are obtuse angles. 
major intersections so that The two acute angles are always opposite 
attackers would not have a each other, and the two obtuse angles are 
straight shot down a boulevard. ' : 
always opposite each other. In the figure at 
the right, Zw and /y are acute angles. 2x 
and Zz are obtuse angles. 





Two angles that are on opposite sides of the Vertical angles have the same 
intersection of two lines are called vertical measure. 
angles. Vertical angles have the same meas- 

ure. 2w and Zy are vertical angles. 7x and 

Zz are vertical angles. 


LAV yy 
EG eI, 


Two angles that share a common side are Adjacent angles of intersect- 
called adjacent angles. For the figure ing lines are supplementary 
shown above, Zx and Zy are adjacent angles. 
angles, as are Zy and Zz, Zz and Zw, and 

Zw and 2x. Adjacent angles of intersecting 

lines are supplementary angles. 


LE vi 80? 
Ly +,.Z2z = 180° 


Vive a HG = NKOP 
‘Lw + Zx = 180° 
™’ Given that Zc = 65°, find the measures k 
of angles a, b, and d. z 
a Cc 
d 
G 
Za = 65° ° 2a= Zc because /aand / care 


vertical angles. 


Laie cas 180) * Z bis supplementary to 7 c because 

ZO O05 180° / band / care adjacent angles of 
Ad = NAS} intersecting lines. 

Lh = p52 °* 2d= / bbecause / dand / bare 


vertical angles. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 3.1 / Introduction to Geometry 151 


A line that intersects two other lines at dif- 
ferent points is called a transversal. 


If the lines cut by a transversal t are parallel 
lines and the transversal is perpendicular to 
the parallel lines, all eight angles formed are 
right angles. 


If the lines cut by a transversal t are paral- 
lel lines and the transversal is not perpen- 
dicular to the parallel lines, all four acute 
angles have the same measure and all four 
obtuse angles have the same measure. For 
the figure at the right, 





Lb=ZLd=LZx=Lz 
aC AW = 





Alternate interior angles are two nonadja- 
cent angles that are on opposite sides of 
the transversal and lie between the parallel 
lines. In the figure above, 2c and Zw are 
alternate interior angles; 2d and Zx are 
alternate interior angles. Alternate interior 
angles have the same measure. 


Alternate exterior angles are two nonadja- 
cent angles that are on opposite sides of the 
transversal and lie outside the parallel lines. 
In the figure above, Za and Zy are alternate 
exterior angles; 2b and Zz are alternate 
exterior angles. Alternate exterior angles 
have the same measure. 


Corresponding angles are two angles 
that are on the same side of the transversal 
and are both acute angles or are both obtuse 
angles. For the figure above, the following 
pairs of angles are corresponding angles: 
nwa ads and 4Z,,Apsand <x, and 
Zc and Zy. Corresponding angles have the 
same measure. 


t * 
Transversal 


ye 








Alternate interior angles 
have the same measure. 
ZC = Zw 
Vega vee 


Alternate exterior angles 
have the same measure. 
AAO = LY 
Ved iV 


Corresponding angles have 
the same measure. 


Za= Zw 
LOZ 
Die LX 
JC = Ly) 
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=> Given that ¢,|| €, and Zc = 58°, 
find the measures of Zf, Zh, and Zg. 








Ld = Alea 5S e /cand Z fare alternate interior angles. 
Lh = 6 set e /cand / hare corresponding angles. 
Le Zh = 180° e /gis supplementary to Zh. 
Ze 458° = 180° Avy 
Zg = 122° 
Example 5 You Try It 5 
Find x. Find x. 
Strategy Your strategy 
The angles labeled are adjacent angles of 
intersecting lines and are, therefore, 
supplementary angles. To find x, write an 
equation and solve for x. 
Solution Your solution 
(0) = 180° 
2x 30 31:80" 
2x = 150° 
w= 75° 
"AG tehso UGE nara pee nent, MOOR fe ee ane ee Cote ee rses scene 
exemple 6 You Try It 6 


Given C7 7%, find x. Given f, || €,, find x. 





Strategy Your strategy 
2x = y because alternate exterior angles have 

the same measure. (x + 15°) + y = 180° 

because adjacent angles of intersecting lines 

are supplementary angles. Substitute 2x for y 

and solve for x. 


Solution Your solution 
(ee 15°) x = 180° 
Boe de tle Selsey 
3x = 165° 
x = 55° 


Solutions on p. S8 
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Cy Why \ 
) I GD 
TUTOR WEB SSM 


If the lines cut by a transversal are not parallel 
lines, the three lines will intersect at three 
points. In the figure at the right, the transver- 
sal t intersects lines p and gq. The three lines 
intersect at points A, B, and C. These three 
points define three line segments: AB, BC, and 
AC. The plane figure formed by these three line 
segments is called a triangle. 


To solve problems involving  \oco 
the angles of a triangle ee 








Each of the three points of intersection is the t 
vertex of four angles. The angles within the 

region enclosed by the triangle are called inte- 

rior angles. In the figure at the right, angles a, [o> > 
b, and c are interior angles. The sum of the A > 
measures of the interior angles of a triangle i 
is 180°. 


Za+ Zb + Zc =180° 





The Sum of the Measures of the Interior Angles of a Triangle 





The sum of the measures of the interior angles of a triangle is 180°. 


An angle adjacent to an interior angle is an 
exterior angle. In the figure at the right, 
angles m and n are exterior angles for angle a. 
The sum of the measures of an interior and an 7, 
exterior angle is 180°. 


Za+ Zm = 180° 
Za+Zn =180° 


=> Given that Zc = 40° and Zd = 100°, find 
the measure of Ze. 


Zdand Zb are supplementary angles. 
Za+ 2b = 180° 


100° + Zb = 180° 
Lb = 80° 





The sum of the interior angles is 180°. 


Zco+ Zb+ Za = 180° 
40° + 80° + Za = 180° 
120° + Za = 180° 

Za = 60° 


Zaand Ze are vertical angles. 


Vag — 60) 
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t Example 7 
Given that Zy = 55°, find the measures of 
angles a, b, and d. 


g 





k 


Strategy 

e To find the measure of angle a, use the 
fact that Za and Zy are vertical angles. 

e To find the measure of angle b, use the 
fact that the sum of the measures of 
the interior angles of a triangle is 180°. 

e To find the measure of angle d, use the 
fact that the sum of an interior and an 
exterior angle is 180°. 


Solution 
Lite {yee BD? 


Za+ Zb + 90° = 180° 
552 bs 90° = 180° 
ave a A5? = 1. 80° 

JO 35e 


Lab = 180° 
Za + 35° =180° 
wa = 145° 


ies: 8 
Two angles of a triangle measure 53° and 78°. 


Find the measure of the third angle. 


Strategy 

To find the measure of the third angle, 
use the fact that the sum of the measures 
of the interior angles of a triangle is 180°. 
Write an equation using x to represent 
the measure of the third angle. Solve the 
equation for x. 


Solution 
be Tee aeaihen =the 
tae 3 t= 180" 
x = 49° 


The measure of the third angle is 49°. 


You Try It 7 
Given that 7a = 45° and Z% = 100°, find 
the measures of angles b, c, and y. 





Your strategy 


Your solution 


ee Oe 88, R87 ee 6 he! ee fe)e j0\ 6-2 ale jne\le) 0, 6].00) © «Sie a. dnele urls anwneiateie 


“You Try It 8 
One angle in a triangle is a right angle, 
and one angle measures 34°. Find the 
measure of the third angle. 


Your strategy 


Your solution e's 


Solutions on p. S8 
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3.1 Exercises 


Objective A 


Find the complement of a 62° angle. 
Find the complement of a 31° angle. 
Find the supplement of a 162° angle. 
Find the supplement of a 72° angle. 


Given AB = 12 cm, CD = 9 cm, and AD = 35 cm, find the 
length of BC. 


Given AB = 21 mm, BC = 14 mm, and AD = 54 mm, find 
the length of CD. 


Given OR = 7 ft and RS is three times the length of QR, find 
the length of QS. 


Given OR = 15 in. and RS is twice the length of QR, find 
the length of QS. 


Solve. 
Le 
8. 
9. 

10. 
11. 
12; 
13. 
14. 
15. 


Given EF = 20 m and FG is ; the length of EF, find the 
length of EG. 


Use a protractor to measure the angle. State whether the angle is acute, obtuse, or right. 


6. ee 
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1 
16. Given EF = 18 cm and FG is 5 the length of EF, find the length of EG. << eee aan G 


17. Given ZLOM = 53° and ZLON = 139°, find the measure of 2 MON. 











M 
16 
N 
O 
18. Given ZMON = 38° and ZLON = 85°, find the measure of 7 LOM. 
NE 
M 
O N 
Find the measure of Zx. 
19. 20. 
54" | 
24. 
Find the measure of Za. 
25. 26. 
1272 
a 
~ a 
pth 28. ae 
a 76° a 67° 
—~<@- 
1 68° L722 
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Find x. 






Solve. 


35. Given Za = 51°, find the measure of 2b. 


b 
G 
a 
36. Given Za = 38°, find the measure of 2b. 
G 
b a 

Objective B 
Find the measure of 2x. 

38. 


37. 
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Find x. 







41. 


43. 


45. 


47. 


Objective C 





Solve. 


angles x and y. 








Given that ¢, || €,, find x. 








49. Given that Za = 95° and Zb = 70°, find the measures of 





42. t 
Z 
22" a } 
b 2 
44. t 
g, 
136° 
b a 
Z, 
46. 


48. 
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50. Given that Za = 35° and Zb = 55°, find the measures of 
angles x and y. 





51. Given that Zy = 45°, find the measures of angles a and b. 





52. Given that Zy = 130°, find the measures of angles a and b. 


53. Given that AO | OB, express in terms of x the number of 
degrees in ZBOC. 


54, Given that AO | OB, express in terms of x the number of 
degrees in ZAOC. 





55. One angle in a triangle is a right angle, and one angle is equal to 30°. 
What is the measure of the third angle? 


56. A triangle has a 45° angle anda right angle. Find the measure of the third 
angle. 


160 


SZ: 


58. 


oF 


60. 
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Two angles of a triangle measure 42° and 103°. Find the measure of the 
third angle. 


Two angles of a triangle measure 62° and 45°. Find the measure of the 
third angle. 


A triangle has a 13° angle and a 65° angle. What is the measure of the 
third angle? 


A triangle has a 105° angle and a 32° angle. What is the measure of the 
third angle? 


\ 


APPLYING THE CONCEPTS 


61. 


62. 


63. 


64. 


65. 


a. What is the smallest possible whole number of degrees in an angle of 
a triangle? 

b. What is the largest possible whole number of degrees in an angle of a 
triangle? 


Cut out a triangle and then tear off two of the angles, as shown at the 
right. Position the pieces you tore off so that angle a is adjacent to 
angle b and angle c is adjacent to angle b (on the other side). Describe 
what you observe. What does this demonstrate? 


Construct a triangle with the given angle measures. 
a. 45°, 45° and 90° 

b. 30°, 60°, and 90° 

c. 40°, 40°, and 100° 


Determine whether the statement is always true, sometimes true, or 

never true. 

a. Two lines that are parallel to a third line are parallel to each 
other. 

b. A triangle contains two acute angles. 

c. Vertical angles are complementary angles. 


For the figure at the right, find the sum of the measures of angles 
xe Vv, and 2. 


For the figure at the right, explain why Za + Zb = Zx. Write a 
rule that describes the relationship between an exterior angle of 
a triangle and the opposite interior angles. Use the rule to write 
an equation involving angles a, c, and z. 


If AB and CD _ intersect at point O, and 
ZAOC = ZBOC, explain why AB 1 CD. 


Do some research on the principle of reflection. 
Explain how this principle applies to the opera- 
tion of a periscope and to the game of billiards. 
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Objective A 






sides (see the 
ove), the word 

ctually comes from the Latin 
word polygonum, which means 
“having many angles.” This is 
certainly the case for a polygon. 
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Plane Geometric Figures 
To solve problems involving the oo & & 


perimeter of geometric figures 

A polygon is a closed figure determined by three or more line segments that 
lie in a plane. The line segments that form the polygon are called its sides. The 
figures below are examples of polygons. 





vID 


ee 


A regular polygon is one in which each side has the same length and each 
angle has the same measure. The polygons in Figures A, C, and D above are 
regular polygons. 


The name of a polygon is based on the number of its sides. The table below lists 
the names of polygons that have from 3 to 10 sides. 


Triangles and quadrilaterals are two of the most common types of polygons. Tri- 
angles are distinguished by the number of equal sides and also by the measures 


of their angles. 


C 
(é C 
A B A B A B 
An isosceles triangle has The three sides of an A scalene triangle has 
two sides of equal length. equilateral triangle no two sides of equal 
The angles opposite the are of equal length. length. No two angles 
equal sides are of equal The three angles are are of equal measure. 
measure. of equal measure. 
AG= BG AB=BC=AC 
AB YN B =LAG 
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(Gy G A 
B B 
(TAKE NOT E i , = acute ee has An abuse binnele has eet has 
| : use angle. : 
| The diagram beloy i : three acute angles. one o ¢ 


_ shows the relations rips 
' among all quadri- 






' laterals The description 
Por asch etadciacneds 
| Seance Quadrilaterals are also distinguished by their sides.and:angles, as shown be- 
ee Geaatateral | | low. Note that a rectangle, a square, and a rhombus are different forms of a 





parallelogram. 


Parallelogram : Rectangle Square 



















Opposite sides parallel 
Opposite sides equal in length 
All angles measure 90° 
Diagonals equal in length 













Opposite sides parallel 
Opposite sides equal in length 
Opposite angles equal in measure 


Opposite sides parallel 

All sides equal in 
length 

All angles measure 90° 

Diagonals equal 

in length 












Quadrilateral 









Opposite sides parallel 

All sides equal in length 
Opposite angles equal 
in measure 





Four-sided polygon 















Trapezoid 


Isosceles Trapezoid 






Two sides parallel 


Two sides parallel 









Nonparallel sides equal 
in length 






The perimeter of a plane geometric figure is a measure of the distance around 


the figure. Perimeter is used in buying fencing for a lawn or determining how 
much baseboard is needed for a room. 


The perimeter of a triangle is the sum of the length of the three sides. 


Perimeter of a Triangle a 


Let a, b, and c be the lengths of the sides of a triangle. The 
perimeter, P, of the triangle is given by P= a+b+c. 





‘ Cc 
P=at+bte 
=» Find the perimeter of the triangle shown 7 ft 
at the right. 5 ft 
P= 5 eel Olean? 
10 ft 


The perimeter is 22 ft. 
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car ose height was 
approximately 1.6 times its 
width. Rectangles with these 
proportions, called golden 
rectangles, were used 
extensively in Renaissance 
art. 
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The perimeter of a quadrilateral is the sum of the lengths of its four sides. 


A rectangle is a quadrilateral with opposite L 

sides of equal length. Usually the length, L, of 

a rectangle refers to the length of one of the W W 
longer sides of the rectangle, and the width, 

W, refers to the length of one of the shorter L 

sides. The perimeter can then be represented P=L+W+L+W 
PeaL+Wakh + W. 

The formula for the perimeter of a rectangle is P=20 + 2W 
derived by combining like terms. 


Perimeter of a Rectangle 


Let L represent the length and W the width of a rectangle. The perimeter, P, of the rectan- 
gle is given by P= 2L + 2W. 





=> Find the perimeter of the rectangle shown at the right. 
P= 2 4 2W. 
P= 2(5) +2@) 


5m 


© The length is 5 m. Substitute 5 for L. 
The width is 2 m. Substitute 2 for W. 


P=10+4 e Solve for P. 


p= 14 


2m 


The perimeter is 14 m. 


A square is a rectangle in which each side has the 
same length. Let s represent the length of each side of a 
square. Then the perimeter of a square can be represented 
Lars WT ae aR Y Re P=s+s+s+s 


The formula for the perimeter of a square is derived by P=A4s 


combining like terms. 


Perimeter of a Square 


Let s represent the length of a side of a square. The perimeter, P, of the square is given by 
P= 4s. 





=> Find the perimeter of the square shown at the right. 
P = 4s = 4(8) = 32 


The perimeter is 32 in. 


8 in. 
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Point of Interest 


a 
medes (c. 287-212 B.C.) 





gave us the approximate 
value of a as = = a He 
actually showed that 7 was 
10 i 
between ele and 22. The 
. 5 10n. 
approximation 354 is closer to 


the exact value of z, but it is 
more difficult to use. 








The 7 key on your calculator 
can be used to find decimal 
approximations for expressions 
that contain 7. To perform the 
calculation at the right, enter 


6b [a] E]. 


A circle is a plane figure in which all points are the 
same distance from point O, which is called the center 
of the circle. 


The diameter of a circle is a line segment across the 
circle through point O. AB is a diameter of the circle at 
the right. The variable d is used to designate the diam- 
eter of a circle. 


The radius of a circle is a line segment from the cen-, 
ter of the circle to a point on the circle. OC is a radius 

of the circle at the right. The variable r is used to des- 
ignate a radius of a circle. 


The length of the diameter is twice the length of the 


1 
radius. d= Jie Olees 34 


The distance around a circle is called the circumfer- 
ence. The circumference, C, of a circle is equal to the 


product of 7 (pi) and the diameter. C= nd 
Because d = 2r, the formula for the circumference can 
be written in terms of r. C= Oee 


The Circumference of a Circle 


The circumference, C, of a circle with diameter d and radius ris given by C= ardor 
C=29rr. 





The formula for circumference uses the number TT, 
which is an irrational number. The value of 7 can be 
approximated by a fraction or by a decimal. 


2D 
a <7 Ole pale 


The z key on a scientific calculator gives a closer approximation of a than 
3.14. Use a scientific calculator to find approximate values in calculations involv- 
ing 7. 


=» Find the circumference of a circle with a diameter of 6 in. 


C= amd © The diameter of the circle is given. 


Use the circumference formula that 


Caio) involves the diameter. d = 6. ~_ 
(C= Om ¢ The exact circumference of the 

circle is 677 in. 
C =~ 18.85 © An approximate measure is found by 


using the 7 key on a calculator. 


The circumference is approximately 18.85 in. 
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Example 1 


A carpenter is designing a square patio with 
a perimeter of 44 ft. What is the length of 
each side? 


Strategy 
To find the length of each side, use the formula 


for the perimeter of a square. Substitute 44 for 
P and solve for s. 


Solution 
P= 4s 

44 = 4s 
ll=s 


The length of each side of the patio is 
DY it. 


ee tere eee ee see eee esee ee eeeeeeeeesseeeeeseeeeeeeeneses 


haart 2 


The dimensions of a triangular sail are 18 ft, 
11 ft, and 15 ft. What is the perimeter of 
the sail? 


Strategy 

To find the perimeter, use the formula for the 
perimeter of a triangle. Substitute 18 fora, 11 
for b, and 15 for c. Solve for P. 


Solution 
Pea--b +c 
p= 1811+ 15 
P= 44 


The perimeter of the sail is 44 ft. 


Find the circumference of a circle with a 
radius of 15 cm. Round to the nearest 
hundredth. 


Strategy 

To find the circumference, use the circum- 
ference formula that involves the radius. An 
approximation is asked for; use the 7 key ona 
calculator. r = 15. 


Solution 
C = 2ar = 27(15) = 307 = 94.25 


The circumference is 94.25 cm. 
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be Try It 1 
The infield for a softball field is a square 
with each side of length 60 ft. Find the 
perimeter of the infield. 


Your strategy 


Your solution 


hi Try It 2 


What is the perimeter of a standard piece of 


typing paper that measures 85 in. by 11 in.? 


Your strategy 


Your solution 


Ss ve ee alee) S 0.0 0.0 6). 0 eto ane ene) 8) a (619,018) @ 0,01/6 (016: 6) Be eis. ere semana ee See 


“You Try It 3 
Find the circumference of a circle with a 
diameter of 9 in. Give the exact measure. 


Your strategy 


Your solution 


Solutions on pp. S8-S9 
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Objective B To solve problems involving 





represented as regular 
geometric figures. For example, 
a square number is one that 
can be represented as a 
square array. 


0 oOo 000 0000 
00 000 0000 
000 0000 
0000 

1 4 9 16 


The square numbers are 1, 4, 9, 
16, 25,... They can be 
represented as 12, 22, 32, 42, 
Bohan 


the area of geometric figures 





NAW he 
+ TUTOR WEB 


Area is the amount of surface in a region. Area can be used to describe the 
size of a rug, a parking lot, a farm, or a national park. Area is measured in 
square units. 





A square that measures 1 in. on each side has 
an area of 1 square inch, written 1 in?. 


A square that measures 1 cm on each side has 
an area of 1 square centimeter, written 1 cm?. 





1 cm? 


Larger areas can be measured in square feet (ft?), square meters (m2), square 
miles (mi’), acres (43,560 ft”), or any other square unit. 


The area of a geometric figure is the number of squares that are necessary to 
cover the figure. In the figures below, two rectangles have been drawn and 
covered with squares. In the figure on the left, 12 squares, each of area 1 cm?, 
were used to cover the rectangle. The area of the rectangle is 12 cm?. In the fig- 
ure on the right, 6 squares, each of area 1 in?, were used to cover the rectangle. 
The area of the rectangle is 6 in?. 


The area of the rectangle 
is 12 cm2. 


The area of the rectangle is 6 in2. 


Note from the above figures that the area of a rectangle can be found by multi- 
plying the length of the rectangle by its width. 


Area of a Rectangle 


Let L represent the length and W the width of a rectangle. The area, A, of the rectangle is 
given by A = LW. eX 


x 





=» Find the area of the rectangle shown at the right. 


7m 


A IW = Wey 


x oi 2 
The area is 77 m2. lim 
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A square is a rectangle in which all sides are the same length. Therefore, 


both the length and the width of a square can be represented by s, and 
A=LW=s:-s =s?, 


Area of a Square | s 
Let s represent the length of a side of a square. The 


area, A, of the square is given by A = s?. 


A=s-s=s2 


=> Find the area of the square shown at the 
right. 
A=s2=92 = 81 
The area is 81 mi’. 


9 mi 
A D 
G 


Figure ABCD is a parallelogram. BC is the base, 
b, of the parallelogram. AE, perpendicular to the 
base, is the height, /, of the parallelogram. B 


Aang? A 





Any side of a parallelogram can be designated as the base. The corresponding 
height is found by drawing a line segment perpendicular to the base from the 
opposite side. 


A rectangle can be formed from a parallelogram by cutting a right triangle from 
one end of the parallelogram and attaching it to the other end. The area of the 
resulting rectangle will equal the area of the original parallelogram. 


Area of a Parallelogram 


Let b represent the length of the base and hthe height of a parallelogram. The area, A, of 
the parallelogram is given by A = bh. 





“> Find the area of the parallelogram shown 
at the right. 


A= bh =12-6=72 


The area is 72 m?. 
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Figure ABC is a triangle. AB is the base, b, of the e 
triangle. CD, perpendicular to the base, is the 
height, /, of the triangle. 





Any side of a triangle can be designated as the 
base. The corresponding height is found by draw- 
ing a line segment perpendicular to the base from 
the vertex opposite the base. 





Consider the triangle with base b and height h @ 

shown at the right. By extending a line from C 

parallel to the base AB and equal in length to the 

base, and extending a line from B parallel to AC 

and equal in length to AC, a parallelogram is 

formed. The area of the parallelogram is bh and 

is twice the area of the triangle. Therefore, A b B 
the area of the triangle is one-half the area 


of the parallelogram, or ; bh. 


Area of a Triangle 


Let b represent the length of the base and h the height of a triangle. The area, A, of the 
triangle is given by A = 5 bh, 


=> Find the area of a triangle with a base of 
18 cm and a height of 6 cm. geet 
1 


1 
ie ae a0 — 4 18 cm 





The area is 54 cm2. 


Figure ABCD is a trapezoid. AB is one A B 
base, b,, of the trapezoid, and CD is the 

other base, b,. AE, perpendicular to the 

two bases, is the height, h. 


In the trapezoid at the right, the line seg- 

ment BD divides the trapezoid into two tri- z--F 
angles, ABD and BCD. In triangle ABD, b, 
is the base and h is the height. In triangle 
BCD, by is the base and h is the height. The 
area of the trapezoid is the sum of the Pe 
areas of the two triangles. ; 


|<— > 


Area of trapezoid ABCD = area of triangle ABD + area of triangle BCD 


1 1 1 
r= 5 oik la 5 baht = 5h + b,) 
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Area of a Trapezoid 


Let b, and b, represent the lengths of the bases and fh the height of a trapezoid. The area, 


A, of the trapezoid is given by A = 5 hb, ED), 





=» Find the area of a trapezoid that has bases measuring 15 in. 
15 in. and 5 in. and a height of 8 in. 


A ==h(b, + b,) 


5 in. 


- 8(15 + 5) = 4(20) = 80 


The area is 80 in?. 


The area of a circle is equal to the product of 7 and the square 
of the radius. 


Area of a Circle 





The area, A, of a circle with radius ris given by A = ar’. 


»® Find the area of a circle that has a radius of 6 cm. 





ACS Tt © Use the formula for the area of a 

A = a(6)? circle. r=6 

A= 7(36) 

A = 367 © The exact area of the circle is 3677 cm’. 
5 ee a A = 113.10 ¢ An approximate measure is found 
To approximate 367 on your by using the 7 key on a calculator. 
calculator, enter ; : 
36 [x] a] EE]. The approximate area of the circle is 113.10 cm*. 


For your reference, all of the formulas for the perimeters and areas of the 
geometric figures presented in this section are listed in the Chapter Summary 


located at the end of this chapter. 


Gono oe ata Mae ao doe ah eee ee mee ee mere se scene at 
lExample 4 

The Parks and Resreaon Department of a city 
plans to plant grass seed in a playground that 

_ has the shape of a trapezoid, as shown below. 

_ Each bag of grass seed will seed 1500 ft. 

How many bags of grass seed should the 
department vale e 


To find the number of bags to be purchased: 

e Use the formula for the area of a trapezoid 
to find the area of the playground. > 

° Divide the area of the playground i the area 
one bag will seed ne 


soliton : ji S 
A= 5 h(b, + by) 


n = 5: 64(80 + 115) 


A= 6240 _ e “The area of the playground 
is 6240 ft2. 


6240 + 1500 = 4.16 | 
Because a portion of a fifth bag is needed, 
5. ee of aoe seed should be ee 


| Vou Try It 4 


An interior designer decides to wallpaper two 
walls of a room. Each roll of wallpaper will 
cover 30 ft?. Each wall measures 8 ft by 12 ft. 
How many rolls of wallpaper should be 
purchased? 


Your strategy 


Your solution 


ety a 
mee ee & svi ee, tote eee wetted 5o.00 Fe cin cites sans eevee ae a Mecu/ah:e, ele Wee) 0), STO eam, Biel eeee Blieisife,e, 6 ceHel,s) ) simgeyeliorle.6ie) ele cuaroneheher eet 
be ‘ ‘ 


re lewis 5 
Find the area of a Bee with a diameter of 5 ft. 
Give the Hee our 


Strategy 

To find the area: 

e Find the radius of the itealte 

° Use the formula for the area of a circle. 
Merve the answer i in terms of 7. ; 


> 


Solera ae ee 
r=34=36)- oe ' 

Ae aoe 77(6.25) = 6.250 

The area of the circle ee 


"You Try It 5 
Find the area of a circle with a radius of 
11 cm. Round to the nearest hundredth. 


Your strategy 


Your solution 


Solutions on p. S9 
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3.2 Exercises 






Objective A 





Name each polygon. 
Classify the triangle as isosceles, equilateral, or scalene. 
7 a : | ¥ 
Classify the triangle as acute, obtuse, or right. 
/ 12. / 


ee NN 


Find the perimeter of the figure. 


13. 14. 15 


7cm 3.5 ft 





24 in. 


Piven 


Ek 


is 


12m 8m 13 mi 


25 in. 


10.5 mi 
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Find the circumference of the figure. Give both the exact value and an ap- 





proximation to the nearest hundredth. 
19. 20. a 21. Ge. 
22: (siw \ 23. 3S 24. CH 





Solve. 


25. The lengths of the three sides of a triangle are 3.8 cm, 5.2 cm, and 8.4 cm. 
Find the perimeter of the triangle. 


26. The lengths of the three sides of a triangle are 7.5 m, 6.1 m, and 4.9 m. 
Find the perimeter of the triangle. 


27. The length of each of two sides of an isosceles triangle is 25 cm. The 


third side measures 3 cm. Find the perimeter of the triangle. 


9 


28. The length of each side of an equilateral triangle is +: in. Find the 


perimeter of the triangle. 


29. A rectangle has a length of 8.5 m and a width of 3.5 m. Find the perime- © 
ter of the rectangle. 


30. Find the perimeter of a rectangle that has a length of 55 ft and a width 
of 4 ft. 


31. The length of each side of a square is 12.2 cm. Find the perimeter of 
the square. 


32. Find the perimeter of a square that measures 0.5 m on each side. 


33. Find the perimeter of a regular pentagon that measures 3.5 in. on each 
side. 
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34. 


35. 


36. 


ai: 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 
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Le is the perimeter of a regular hexagon that measures 8.5 cm on each 
side: 


ae radius of a circle is 4.2 cm. Find the length of a diameter of the 
circle: 


a diameter of a circle is 0.56 m. Find the length of a radius of the 
circle. 


Find the circumference of a circle that has a diameter of 1.5 in. Give 
the exact value. 


The diameter of a circle is 4.2 ft. Find the circumference of the circle. 
Round to the nearest hundredth. 


The radius of a circle is 36 cm. Find the circumference of the circle. 
Round to the nearest hundredth. 


Find the circumference of a circle that has a radius of 2.5 m. Give the 
exact value. 


How many feet of fencing should be purchased for a rectangular garden 
that is 18 ft long and 12 ft wide? 


How many meters of binding are required to bind the edge of a rec- 
tangular quilt that measures 3.5 m by 8.5 m? 


Wall-to-wall carpeting is installed in a room that is 12 ft long and 
10 ft wide. The edges of the carpet are nailed to the floor. Along how 
many feet must the carpet be nailed down? 


The length of a rectangular park is 55 yd. The width is 47 yd. How many 
yards of fencing are needed to surround the park? 


The perimeter of a rectangular playground is 440 ft. If the width is 
100 ft, what is the length of the playground? 


A rectangular vegetable garden has a perimeter of 64 ft. The length of the 
garden is 20 ft. What is the width of the garden? 


Each of two sides of a triangular banner measures 18°in, Liithe 
perimeter of the banner is 46 in., what is the length of the third side 


of the banner? 


The perimeter of an equilateral triangle is 13.2 cm. What is the 
length of each side of the triangle? 
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49. 


50. 


51. 


D2: 


53: 


54. 


55. 


56. 


57. 


58. 


Objective B 


59. 


Chapter 3 / Geometry 


The perimeter of a square picture frame is 48 in. Find the length of each 
side of the frame. 


A square rug has a perimeter of 32 ft. Find the length of each edge 
of the rug. 


The circumference of a circle is 8 cm. Find the length of a diameter of the 
circle. Round to the nearest hundredth. 


The circumference of a circle is 15 in. Find the length of a radius of 
the circle. Round to the nearest hundredth. 


Find the length of molding needed to put around a circular table that 
is 4.2 ft in diameter. Round to the nearest hundredth. 


How much binding is needed to bind the edge of a circular rug that is 
3 m in diameter? Round to the nearest hundredth. 


A bicycle tire has a diameter of 24 in. How many feet does the bicycle 
travel when the wheel makes eight revolutions? Round to the nearest 
hundredth. 


A tricycle tire has a diameter of 12 in. How many feet does the tri- 
cycle travel when the wheel makes twelve revolutions? Round to the 
nearest hundredth. 


The distance from the surface of Earth to its center is 6356 km. What 
is the circumference of Earth? Round to the nearest hundredth. 


Bias binding is to be sewed around the edge of a rectangular table- 
cloth measuring 72 in. by 45 in. If the bias binding comes in packages 
containing 15 ft of binding, how many packages of bias binding are 
needed for the tablecloth? 





Find the area of the figure. 


60. 61. 


8m 


_ 
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20 in. 
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63. 64. 12cm 
| 
! 26 ft 
in 


42 ft 


16cm 


Find the area of the figure. Give both the exact value and an approximation 
to the nearest hundredth. 


65. 


68. 


Solve. 


vgs 


ze 


73. 


74. 


75. 


76. 


69. 70. 


aaa 
ey 


The length of a side of a square is 12.5 cm. Find the area of the square. 


Each side of a square measures 35 in. Find the area of the square. 


The length of a rectangle is 38 in., and the width is 15 in. Find the 


area of the rectangle. 


Find the area of a rectangle that has a length of 6.5 m and a width of 


3) fo) Tail, 


The length of the base of a parallelogram is 16 in., and the height is 
12 in. Find the area of the parallelogram. 


The height of a parallelogram is 3.4 m, and the length of the base is 
5.2 m. Find the area of the parallelogram. 
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78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 
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The length of the base of a triangle is 6 ft. The height is 4.5 ft. Find the 
area of the triangle. 


The height of a triangle is 4.2 cm. The length of the base is 5 cm. Find the 
area of the triangle. 


The length of one base of a trapezoid is 35 cm, and the length of the 
other base is 20 cm. If the height is 12 cm, what is the area of the 
trapezoid? 


The height of a trapezoid is 5 in. The bases measure 16 in. and 18 in. Find 


the area of the trapezoid. 


The radius of a circle is 5 in. Find the area of the circle. Give the exact 
value. 


Find the area of a circle with a radius of 14.m. Round to the nearest 
hundredth. 


Find the area of a circle that has a diameter of 3.4 ft. Round to the near- 
est hundredth. 


The diameter of a circle is 6.5 m. Find the area of the circle. Give the 
exact value. 


The dome of the Hale telescope at Mount Palomar, California, has a 
diameter of 200 in. Find the area across the dome. Give the exact 
value. 


An irrigation system waters a circular field that has a 50-foot radius. Find 
the area watered by the irrigation system. Give the exact value. 


Find the area of a rectangular flower garden that measures 14 ft by 
OE 


What is the area of a square patio that measures 8.5 m on each side? 


Artificial turf is being used to cover a playing field. If the field is 
rectangular with a length of 100 yd and a width of 75 yd, how much 
artificial turf must be purchased to cover the field? 


A fabric wall hanging is to fill a space that measures 5 i by 3.5m 
Allowing for 0.1 m of the fabric to be folded back along each edge, 
how much fabric must be purchased for the wall hanging? 


The area of a rectangle is 300 in2. If the length of the rectangle is 
30 in., what is the width? 


ty 
‘ 


30 in. 





Ww 
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100. 


101. 


102. 


103. 
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The width of a rectangle is 12 ft. If the area is 312 ft?, what is the length 
of the rectangle? 


The height of a triangle is 5 m. The area of the triangle isso Ute 
Find the length of the base of the triangle. 


The area of a parallelogram is 42 m2. If the height of the parallelogram 
is 7 m, what is the length of the base? 


You plan to stain the wooden deck attached to your house. The 
deck measures 10 ft by 8 ft. If a quart of stain will cover 50 ft?, how 
many quarts of stain should you buy? 


You want to tile your kitchen floor. The floor measures 12 ft by 
9 ft. How many tiles, each a square with side 5 ft, should you 


purchase for the job? 


You are wallpapering two walls of a child’s room, one measuring 9 ft by 
8 ft and the other measuring 11 ft by 8 ft. The wallpaper costs $24.50 per 
roll, and each roll of the wallpaper will cover 40 ft?. What will it cost to 
wallpaper the two walls? 


An urban renewal project involves reseeding a park that is in the shape 
of a square 60 ft on each side. Each bag of grass seed costs $9.75 and 
will seed 1200 ft?2. How much money should be budgeted for buying 
grass seed for the park? 


A circle has a radius of 8 in. Find the increase in area when the 
radius is increased by 2 in. Round to the nearest hundredth. 


A circle has a radius of 6 cm. Find the increase in area when the 
radius is doubled. Round to the nearest hundredth. 


You want to install wall-to-wall carpeting in your living room, 
which measures 15 ft by 24 ft. If the cost of the carpet you would 
like to purchase is $21.95 per square yard, what will be the cost of 
the carpeting for your living room? (Hint: 9 ft? = 1 yd?) 


You want to paint the walls of your bedroom. Two walls measure 
15 ft by 9 ft, and the other two walls measure 12 ft by 9 ft. The paint 
you wish to purchase costs $12.98 per gallon, and each gallon will 
cover 400 ft2 of wall. Find the total amount you will spend on paint. 


A walkway 2 m wide surrounds a rectangular plot of grass. The plot 
is 30 m long and 20 m wide. What is the area of the walkway? 
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104. 


105. 
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Pleated draperies for a window must be twice as wide as the width 
of the window. Draperies are being made for four windows, each 2 ft 
wide and 4 ft high. Because the drapes will fall slightly below the 
window sill, and because extra fabric will be needed for hemming 
the drapes, 1‘ft must be added to the height of the window. How 
much material must be purchased to make the drapes? 


Find the cost of plastering the walls of a room 22 ft long, 25 ft 6 in. wide, 
and 8 ft high. Subtract 120 ft? for windows and doors. The cost is $2.50 
per square foot. 


APPLYING THE CONCEPTS 


106. 


107. 


108. 


109. 


110. 


© 111. 


q 112. 


If both the length and the width of a rectangle are doubled, how many 
times larger is the area of the resulting rectangle? 


A hexagram is a six-pointed star, formed by extending each of the 
sides of a regular hexagon into an equilateral triangle. A hexagram is 
shown at the right. Use a pencil, paper, protractor, and ruler to create 
a hexagram. 


G 
a: 
Therefore, z is the ratio of the circumference of a circle to the length of 
its diameter. Use several circular objects, such as coins, plates, tin cans, 
and wheels, to show that the ratio of the circumference of each object 
to its diameter is approximately 3.14. 


If the formula C = wd is solved for z, the resulting equation is 7 = 


Derive a formula for the area of a circle in terms of the diameter of the 
circle. 


Determine whether the statement is always true, sometimes true, or 
never true. 
a. If two triangles have the same perimeter, then they have the 


same area. 

b. If two rectangles have the same area, then they have the same 
perimeter. 

c. If two squares have the same area, then the sides of the squares have . 
the same length. 

d. An equilateral triangle is also an isosceles triangle. 

e. All the radii (plural of radius) of a circle are equal. 

f. All the diameters of a circle are equal. 


Suppose a circle is cut into 16 equal pieces, which are then arranged as 
shown at the right. The figure formed resembles a parallelogram. What 
variable expression could describe the base of the parallelogram? What 
variable could describe its height? Explain how the formula for the area 
of a circle is derived from this approach. 


apothem 


The apothem of a regular polygon is the distance from the center of the 
polygon to a side. Explain how to derive a formula for the area of a reg- 


ular polygon using the apothem. (Hint: Use the formula for the area of 
a triangle.) 
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Solids 
To solve problems involving 


the volume of a solid 





Geometric solids are figures in space. Five common geometric solids are the 
rectangular solid, the sphere, the cylinder, the cone, and the pyramid. 


A rectangular solid is one in which all six sides, called 
faces, are rectangles. The variable L is used to repre- 
sent the length of a rectangular solid, W its width, and 
H its height. 


A sphere is a solid in which all points are the same dis- 
tance from point O, which is called the center of the 
sphere. The diameter, d, of a sphere is a line across 
the sphere going through point O. The radius, r, is a 
line from the center to a point on the sphere. 
AB is a diameter and OC is a radius of the sphere 
shown at the right. 


The most common cylinder, called a right circular 
cylinder, is one in which the bases are circles and 
are perpendicular to the height of the cylinder. The 
variable r is used to represent the radius of a base of 
a cylinder, and h represents the height. In this text, 
only right circular cylinders are discussed. 





A right circular cone is obtained when one base of a V 
right circular cylinder is shrunk to a point, called a 
vertex, V. The variable r is used to represent the ra- 
dius of the base of the cone, and / represents the 
height. The variable ¢ is used to represent the slant 
height, which is the distance from a point on the cir- 
cumference of the base to the vertex. In this text, only 
right circular cones are discussed. 


The base of a regular pyramid is a regular polygon, 
and the sides are isosceles triangles. The height, his 
the distance from the vertex, V, to the base and is 
perpendicular to the base. The variable ¢ is used to 
represent the slant height, which is the height of one 
of the isosceles triangles on the face of the pyramid. 
The regular square pyramid at the right has a square 
base. This is the only type of pyramid discussed in 
this text. 
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A cube is a special type of rectangular solid. Each 
of the six faces of a cube is a square. The variable 
s is used to represent the length of one side of a 
cube. 





Volume is a measure of the amount of space inside a figure in space. Volume can 
be used to describe the amount of heating gas used for cooking, the 
amount of concrete delivered for the foundation of a house, or the amount of 


water in storage for a city’s water supply. “xe 

A cube that is 1 ft on each side has a volume of A 

1 cubic foot, which is written 1 ft?. A cube that 1 ft 
measures | cm on each side has a volume of 

1 cubic centimeter, which is written 1 cm. tit 1 ft 


The volume of a solid is the number of cubes 
that are necessary to exactly fill the solid. The 2cm 
volume of the rectangular solid at the right is 


24 cm? because it will hold exactly 24 cubes, 


3 ~ 
each 1 cm on a side. Note that the volume can ms 
be found by multiplying the length times the 4cm 
width times the height. AB 2S 24 


The formulas for the volumes of the geometric solids described above are 
given below. 





Volumes of Geometric Solids 


The volume, Y, of a rectangular solid with length L, width W, and height H is given by 
V = LWH. 


The volume, V, of a cube with side sis given by V= s3, 
The volume, V, of a sphere with radius ris given by V= sar’, 


The volume, V, of a right circular cylinder is given by V= r2h, where ris the radius of 
the base and his the height. 


at ae 
. 


The volume, V, of a right circular cone is given by V= aT rh, where ris the radius of the 
circular base and his the height. F 


The volume, V, of a regular square pyramid is given by V= 1 52h, where sis the length of a 
side of the base and his the height. : 
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=» Find the volume of a sphere with a diameter of 6 in. 





r= 54 = 5 (6) = 3 e First find the radius of the sphere. 
Seat 
= 3 7 e Use the formula for the volume of a sphere. 
4 
V= 3 7GP 
4 
V= 3 727) 
Wtates = 207 e The exact volume of the sphere is 36 77 in’. 
7 5 oan aN Vee 13,1) © An approximate measure can be found 
Oe esar enter by using the a key on a calculator. 
36[x]La][=]. The approximate volume is 113.10 in?. 
I ae Soa conse utt eas cee es eae ded i Bit eee eee 
Example 1 = You Try It 1 
The length of a rectangular solid is 5 m, the Find the volume of a cube that measures 2.5 m 
width is 3.2 m, and the height is 4 m. Find the on a side. 
volume of the solid. 
Strategy Your strategy 
To find the volume, use the formula for the 
volume of a rectangular solid. L = 5, 
W = 3.2,H = 4. 
Solution Your solution 
V = LWH = 5(3.2)(4) = 64 
The volume of the rectangular solid is 64 m’. 
Example 2 ee Try It 2 
The radius of the base of a cone is 8 cm. The The diameter of the base of a cylinder is 8 ft. 
height is 12 cm. Find the volume of the cone. The height of the cylinder is 22 ft. Find the 
Round to the nearest hundredth. exact volume of the cylinder. 
Strategy Your strategy 


To find the volume, use the formula for the 
volume of a cone. An approximation is asked 
for; use the 7 key ona calculator. 


r= 8, h= 12. 

Solution Your solution 
1 

v= gmrh 


1 
V= = 7(8)*(12) = pce e) = 2567 
= 804.25 


The volume is approximately 804.25 om?. 


Solutions on p. S9 
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Objective B To solve problems involving 


Why 





- 


the surface area of a solid eG Rrra 





The surface area of a solid is the total area on the surface of the solid. 






When a rectangular solid is cut open and flattened out, fee ay 
each face is a rectangle. The surface area, SA, of the 7) ee G 
rectangular solid is the sum of the areas of the six is = Ww 
rectangles: 

SA=LW+LH+WH+LW+ WH + LH oa 
which simplifies to 

a] fe 
SA = 2LW + 2LH + 2WH 


fore, the surface area, SA, of a cube is given by the for- 
mula SA = 6s?. 


bey 
Si 


The surface area of a cube is the sum of the areas of the aes 
six faces of the cube. The area of each face is s2. There- 


j 
WH 

Ss 

Ss 


ase 


ss 


When a cylinder is cut open and flattened out, the top 
and bottom of the cylinder are circles. The side of the 
cylinder flattens out to a rectangle. The length of the 
rectangle is the circumference of the base, which is 
27r; the width is h, the height of the cylinder. Therefore, 
the area of the rectangle is 2arh. The surface area, SA, 
of the cylinder is 





SA = mr? + 2arh + ar? 
which simplifies to 


SA = 2amr2 + 2arh 
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The surface area of a pyramid is the area of the base plus the 
area of the four isosceles triangles. A side of the square base 
is s; therefore, the area of the base is s?. The slant height, , 
is the height of each triangle, and s is the base of each tri- 
angle. The surface area, SA, of a pyramid is 





1 
SA = s2 + af 
which simplifies to 


SA = s? + 2s€ 


Formulas for the surface areas of geometric solids are given below. 


Surface Areas of Geometric Solids 


The surface area, SA, of a rectangular solid with length L, width W, and height His given 
by SA = 2LW + 2LH + 2WH. 


The surface area, SA, of a cube with side sis given by SA = 6s’. 
The surface area, SA, of a sphere with radius ris given by SA = 4a’. 


The surface area, SA, of a right circular cylinder is given by SA = 27r? + 27rh, where ris 
the radius of the base and his the height. 


The surface area, SA, of a right circular cone is given by SA = ar? + ar€, where ris the 
radius of the circular base and £ is the slant height. 


The surface area, SA, of a regular pyramid is given by SA = s? + 2s€, where sis the 
length of a side of the base and ¢ is the slant height. 





»» Find the surface area of a sphere with a diameter of 18 cm. 


r= = = 5(18) =9 e First find the radius of the sphere. 

SA = 4mr° e Use the formula for the surface 

SA Ano) area of a sphere. 

SA = 47(81) 

SA = 3247 e The exact surface area of the sphere 
is 324 7 cm’. 

SA = 1017.88 e An approximate measure can be found 


by using the a key ona calculator. 


The approximate surface area is 1017.88 cm. 
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Example 3 You Try It 3 

The diameter of the base of a cone is The diameter of the base of a cylinder is 6 ft, 
5 m, and the slant height is 4 m. Find the and the height is 8 ft. Find the surface area 
surface area of the cone. Give the exact of the cylinder. Round to the nearest 
measure. hundredth. 

Strategy Your strategy 


To find the surface area of the cone: 

e Find the radius of the base of the cone. 

e Use the formula for the surface area of 
a cone. Leave the answer in terms of 7. 


Solution Your solution 


1 1 
=— = — = DS 
i. 54 59) 


SA = mr2 + mr€ 

SA = 7(2.5)? + 2(2.5)(4) 
~ SA = 7(6.25) + 7(2.5)(4) 

SA = 6.257 + 107 

SA = 16.257 


The surface area of the cone is 16.257 m2. 


aes: 4 "You Try It 4 
Find the area of a label used to cover a soup Which has a larger surface area, a cube with 
can that has a radius of 4 cm and a height of a side measuring 10 cm or a sphere with a 
12 cm. Round to the nearest hundredth. diameter measuring 8 cm? 
Strategy Your strategy 


To find the area of the label, use the fact 

that the surface area of the sides of a cylinder 
is given by 27rh. An approximation is asked 
for; use the 7 key on a calculator. r= 4, h = 12. 


Solution Your solution 
Area of the label = 2arh 


Area of the label = 27(4)(12) = 96a 
=~ 301.59 us 


The area is approximately 301.59 cm2. 


Solutions on pp. S9-S10 
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3.3 Exercises 






Objective A 


Find the volume of the figure. For calculations involving 7, give both the exact 
value and an approximation to the nearest hundredth. 


1. > 2 
eae 6 in. 
10 in. 








8cm 


Tiesune 7.5m ey, 





Solve. 


7. A rectangular solid has a length of 6.8 m, a width 6f 2.5%) and a 
height of 2 m. Find the volume of the solid. 


8. Find the volume of a rectangular solid that has a length of 4.5 ft, a width 
of 3 ft, and a height of 1.5 ft. 


9. Find the volume of a cube whose side measures 3.5 in. 
10. The length of a side of a cube is 7 cm. Find the volume of the cube. 


11. The diameter of a sphere is 6 ft. Find the volume of the sphere. Give 
the exact measure. 


12. Find the volume of a sphere that has a radius of 1.2 m. Round to the near- 
est tenth. 


13. The diameter of the base of a cylinder is 24 cm. The height of the 
cylinder is 18 cm. Find the volume of the cylinder. Round to the nearest 


hundredth. 


14. The height of a cylinder is 7.2 m. The radius of the base is 4 m. Find 
the volume of the cylinder. Give the exact measure. 


15. The radius of the base of a cone is 5 in. The height of the cone is 9 in. Find 
the volume of the cone. Give the exact measure. 
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17. 


18. 


19. 


20. 


21. 
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23. 


24. 


25. 


26. 


Objective B 
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The height of a cone is 15 cm. The diameter of the cone is 10 cm. Find 
the volume of the cone. Round to the nearest hundredth. 


The length of a side of the base of a pyramid is 6 in., and the height is 
10 in. Find the volume of the pyramid. 


The height of a pyramid is 8 m, and the length of a side of the base 
is 9m. What is the volume of the pyramid? 


The volume of a freezer with a length of 7 ft and a height of 3 ft is 


52.5 ft?. Find the width of the freezer. 


The length of an aquarium is 18 in., and the width is 12 in. If the volume 
of the aquarium is 1836 in?, what is the height of the aquarium? 


The volume of a cylinder with a height of 10 in. is 502.4 in3. Find the 
radius of the base of the cylinder. Round to the nearest hundredth. 


The diameter of the base of a cylinder is 14 cm. If the volume of the 
cylinder is 2310 cm3, find the height of the cylinder. Round to the nearest 
hundredth. 


A rectangular solid has a square base and a height of 5 in. If the vol- 
ume of the solid is 125 in3, find the length and the width. 


The volume of a rectangular solid is 864 m3. The rectangular solid has a 
square base and a height of 6 m. Find the dimensions of the solid. 


An oil storage tank, which is in the shape of a cylinder, is 4 m high 
and has a diameter of 6 m. The oil tank is two-thirds full. Find the 
number of cubic meters of oil in the tank. Round to the nearest 
hundredth. 


A silo, which is in the shape of a cylinder, is 16 ft in diameter and has 
a height of 30 ft. The silo is three-fourths full. Find the volume of the por- 
tion of the silo that is not being used for storage. Round to the 
nearest hundredth. 





Find the surface area of the figure. 


28. eo: 
3m ae 


14 ft 
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Find the surface area of the figure. Give both the exact value and an 
approximation to the nearest hundredth. 


30. 


31. 


=>. 


32. 


Solve. 


33. 


34. 


Sey 


36. 


tye 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


The height of a rectangular solid is 5 ft. The length is 8 ft, and the width 
is 4 ft. Find the surface area of the solid. 


The width of a rectangular solid is 32 cm. The length is 60 cm, and the 
height is 14 cm. What is the surface area of the solid? 


The side of a cube measures 3.4 m. Find the surface area of the cube. 
Find the surface area of a cube that has a side measuring 1.5 in. 


Find the surface area of a sphere with a diameter of 15 cm. Give the 
exact value. 


The radius of a sphere is 2 in. Find the surface area of the sphere. Round 
to the nearest hundredth. 


The radius of the base of a cylinder is 4 in. The height of the cylinder 
is 12 in. Find the surface area of the cylinder. Round to the nearest 


hundredth. 


The diameter of the base of a cylinder is 1.8 m. The height of the 
cylinder is 0.7 m. Find the surface area of the cylinder. Give the exact 


value. 


The slant height of a cone is 2.5 ft. The radius of the base is 1.5 ft. 
Find the surface area of the cone. Give the exact value. 


The diameter of the base of a cone is 21 in. The slant height is 16 in. What 
is the surface area of the cone? Round to the nearest hundredth. 


The length of a side of the base of a pyramid is 9 in., and the slant height 
is 12 in. Find the surface area of the pyramid. 


The slant height of a pyramid is 18 m, and the length of a side of the base 
is 16 m. What is the surface area of the pyramid? 
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45. 


46. 


47. 


48. 


49. 


50. 


51. 
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The surface area of a rectangular solid is 108 cm2. The height of the solid 
is 4 cm, and the length is 6 cm. Find the width of the rectangular solid. 


The length of a rectangular solid is 12 ft. The width is 3 ft. If the surface 
area is 162 ft”, find the height of the rectangular solid. 


A can of paint will cover 300 ft?. How many cans of paint should be pur- 
chased in order to paint a cylinder that has a height of 30 ft and a radius 
OL 12 it? 


A hot air balloon is in the shape of a sphere. Approximately how much 
fabric was used to construct the balloon if its diameter is 32 ft? Round to 
the nearest whole number. 


How much glass is needed to make a fish tank that is 12 in. long, 8 in. 
wide, and 9 in. high? The fish tank is open at the top. 


Find the area of a label used to cover a can of juice that has a diame- 
ter of 16.5 cm and a height of 17 cm. Round to the nearest hundredth. 


The length of a side of the base of a pyramid is 5 cm, and the slant height 
is 8 cm. How much larger is the surface area of this pyramid than the sur- 
face area of a cone with a diameter of 5 cm and a slant height of 8 cm? 
Round to the nearest hundredth. 


APPLYING THE CONCEPTS 


52. 


53. 


54. 


, 55. 
4 


Half of a sphere is called a hemisphere. Derive formulas for the volume 
and surface area of a hemisphere. 


Determine whether the statement is always true, sometimes true, or 

never true. 

a. The slant height of a regular pyramid is longer than the height. 

b. The slant height of a cone is shorter than the height. 

c. The four triangular faces of a regular pyramid are equilateral 
triangles. 


a. What is the effect on the surface area of a rectangular solid when the 
width and height are doubled? 

b. What is the effect on the volume of a rectangular solid when both the 
length and the width are doubled? 

c. What is the effect on the volume of a cube when the length of each side 
of the cube is doubled? 

d. What is the effect on the surface area of a cylinder when the ra- 
dius and height are doubled? 


Explain how you could cut through a cube so that the face of the result, . 


ing solid is 

a. a square 

b. an equilateral triangle 
c. a trapezoid 

d. a hexagon 
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@ Focus on Problem Solving 


Trial and Error 


Some problems in mathematics are solved by using trial and error. The trial- 
and-error method of arriving at a solution to a problem involves repeated tests 
or experiments until a satisfactory conclusion is reached. 


Many of the Applying the Concepts exercises in this text require a trial and error 
method of solution. For example, an exercise in Section 3 of this chapter reads: 


Explain how you could cut through a cube so that the face of the resulting solid 
is (a) a square, (b) an equilateral triangle, (c) a trapezoid, (d) a hexagon. 


There is no formula to apply to this problem; there is no MY 4 
computation to perform. This problem requires picturing a A 4 
cube and the results after cutting through it at different 

places on its surface and at different angles. For part (a), cut- 

ting perpendicular to the top and bottom of the cube and \/ 
parallel to two of its sides will result in a square. The other 

shapes may prove more difficult. 


When solving problems of this type, keep an open mind. 
Sometimes when using the trial-and-error method, we are 
hampered by narrowness of vision; we cannot expand our 
thinking to include other possibilities. Then when we see 
someone else’s solution, it appears so obvious to us! For 
example, for the Applying the Concepts question above, it is 
necessary to conceive of cutting through the cube at places 
other than the top surface; we need to be open to the idea of 
beginning the cut at one of the corner points of the cube. 


A topic of the Projects and Group Activities in this chapter 
is symmetry. Here again, trial and error is used to determine 
the lines of symmetry inherent in an object. For example, in 
determining lines of symmetry for a square, begin by draw- = 
ing a square. The horizontal line of symmetry and the verti- 
cal line of symmetry may be immediately obvious to you. 








But there are two others. Do you see that a line drawn 
through opposite corners of the square is also a line of 


symmetry? 


Many of the questions in this text that require an answer of “always true, some- 
times true, or never true” are best solved by the trial-and-error method. For 
example, consider the statement presented in Section 2 of this chapter. 


If two rectangles have the same area, then they have the same perimeter. 
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Try some numbers. Each of two rectangles, one measuring 6 units by 2 units and 
another measuring 4 units by 3 units, has an area of 12 square units, but the 
perimeter of the first is 16 units and the perimeter of the second is 14 units. So 
the answer “always true” has been eliminated. We still need to determine 
whether there is a case when it is true. After experimenting with a lot of num- 
bers, you may come to realize that we are trying to determine if it is possible for 
two different pairs of factors of a number to have the same sum. Is it? 


Don't be afraid to make many experiments, and remember that errors, or tests 
that “don’t work,” are a part of the trial-and-error process. 


\ ‘ 


& Projects and Group Activities 


Investigating The perimeter of the square at the right is 
Perimeter 4 units. 





If two squares are joined along one of the 
sides, the perimeter is 6 units. Note that it 
does not matter which sides are joined; the 
perimeter is still 6 units, 


If three squares are joined, the perimeter 
of the resulting figure is 8 units for each 
possible placement of the squares. 





Four squares can be joined in five different 
ways as shown. There are two possible 
perimeters, 10 units for A, B, C, and D, and 
8 units for E. 





1. If five squares are joined, what is the maximum perimeter 
possible? 


2. If five squares are joined, what is the minimum perimeter 
possible? 


3. If six squares are joined, what is the maximum perimeter 
possible? 


4. If six squares are joined, what is the minimum perimeter 
possible? 


Copyright © Houghton Mifflin Company. All rights reserved. 





Chapter Summary 191 


Symmetry Look at the letter A printed at the left. If the letter were folded along line , the 


two sides of the letter would match exactly. This letter has symmetry with 
respect to line . Line ¢ is called the axis of symmetry. 


Now consider the letter H printed below at the left. Both lines €, and ¢, are axes 


of symmetry for this letter; the letter could be folded along either line and the 
two sides would match exactly. 


1. Does the letter A have more than one axis of symmetry? 

2. Find axes of symmetry for other capital letters of the alphabet. 

3. Which lowercase letters have one axis of symmetry? 

4. Do any of the lowercase letters have more than one axis of symmetry? 
5 


. Find the number of axes of symmetry for each of the plane geometric figures 
@, presented in this chapter. 


| 6. There are other types of symmetry. Look up the meaning of point symmetry 
| and rotational symmetry. Which plane geometric figures provide examples of 
these types of symmetry? 


7. Find examples of symmetry in nature, art, and architecture. 
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a Chapter Summary 

Bee Fin! | 

et ie : a Key Words _ A line is determined by two distinct points and extends indefinitely in both direc- 
—  —ie tions. A line segment is part of a line that has two endpoints. Parallel lines never 
nA . et 


oa meet; the distance between them is always the same. Perpendicular lines are 
7% intersecting lines that form right angles. [pp. 145-147] 


a A ray starts at a point and extends indefinitely in one direction. The point at 
ed. which a ray starts is the endpoint of the ray. An angle is formed by two rays with 
Poet the same endpoint. The vertex of an angle is the point at which the two rays meet. 
oa An angle is measured in degrees. A 90° angle is a right angle. A 180° angle is a 
_—. straight angle. An acute angle is an angle whose measure is between 0° and 90°. 
E>. An obtuse angle is an angle whose measure is between 90° and 180°. Comple- 
fig *+ mentary angles are two angles whose measures have the sum 90°. Supplementary 
Bet angles are two angles whose measures have the sum 180°. [pp. 145-148] 


ets Two angles that are on opposite sides of the intersection of two lines are verti- 

é iho cal angles; vertical angles have the same measure. Two angles that share a 

an common side are adjacent angles; adjacent angles of intersecting lines are sup- 
|, = plementary angles. [p. 150] 


os nn A line that intersects two other lines at two different points is a transversal. If 
ae the lines cut by a transversal are parallel lines, equal angles are formed: alternate 


SAPP 4A ' 


he ' interior angles, alternate exterior angles, and corresponding angles. {p. 151] 


A polygon is a closed figure determined by three or more line segments. The line 
Bade pt segments that form the polygon are its sides. A regular polygon is one in which 
oy ty. 34 each side has the same length and each angle has the same measure. Polygons 
are classified by the number of sides. [p. 161] 
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A triangle is a plane figure formed by three line segments. An isosceles triangle 


has two sides of equal length. The three sides of an equilateral triangle are of 
equal length. A scalene triangle has no two sides of equal length. An acute triangle 
has three acute angles. An obtuse triangle has one obtuse angle. A right triangle 
has a right angle. [pp. 161-162] 


A quadrilateral is a four-sided polygon. A parallelogram, a rectangle, a square, 
a rhombus, and a trapezoid are all quadrilaterals. [p. 162] 


A circle is a plane figure in which all points are the same distance from the cen- 
ter of the circle. A diameter of a circle is a line segment across the circle through 
the center. A radius of a circle is a line segment from the Center of the circle to a 
point on the circle. [p. 164] 


The perimeter of a plane geometric figure is a measure of the distance around the 
figure. The distance around a circle is called the circumference. Area is the 
amount of surface in a region. Volume is a measure of the amount of space inside 
a figure in space. The.surface area of a solid is the total area on the surface of the 
solid. [pp. 162, 164, 166, 179, 182] 


Triangles [p. 153] Sum of the measures of the interior angles = 180° 
Sum of an interior and corresponding exterior angle = 180° 


Surface Area 
[p. 183] 


Rectangular solid: 
Cube: 
Sphere: 


Right circular cylinder: 


Right circular cone: 
Regular pyramid: 


Perimeter Triangle: P=atbt+ec 
[pp. 162-164] Rectangle: P=2L + 2W 
_ Square: P= 4s 
Circle: C = wd or C= 2ar 
; 1 
Area Triangle: A= 5h 
. 166- 
SShipla ge oe Rectangle: A = LW 
Square: A=s? 
Circle: A = mr? 
Parallelogram: A=bh 
: 1 
Trapezoid: A= 5h 4205) 
Volume Rectangular solid: V = LWH 
[p. 180] Cube: V=s3 
Sphere: V=-7Pr 
Right circular cylinder: V = arh 
Right circular cone: V= sath 
Regular pyramid: V= ssh 


‘ 


SA = 2LW + 2LH + 2WH 
SA = 6s2— 

SA = 4ar? 

SA = 2ar2 + 2arh- 

SA = mr? + arb 


SAS 57 se 


ee ae eae) ae ake bth sac * Si cies) 2 (9 1°)/5) 408) 26) =a 26 )S 72 5m es aaa ale 2 6. 9 a)6 le inins 86. ein © oan 0 e/no m/e a We 816.5 b wie, © 6 © a -mls.5) sap aumya miners 
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e Chapter Review 


Given that Za = 74° and 2b = 52°, find the 2. Find the measure of 2x. 
measures of angles x and y. 





Given that BC = 11 cm and AB is three times 4. Findx. 
the length of BC, find the length of AC. 


A B e 





Find the volume of the figure. 6. Given that ¢ ||, ¢,, find the measures of angles 
a and b. 





Find the surface area of the figure. 8. Find the supplement of a 32° angle. 





Determine the area of a triangle whose base 


Determine the area of a rectangle with a 10. 
is 9m and whose height is 14 m. 


length of 12 cm and a width of 6.5 cm. 
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11: 


12. 


13. 


14. 


iS: 


16. 


17. 


18. 


19. 


20. 


Chapter 3 / Geometry 


Find the volume of a rectangular solid with a length of 6.5 ft, a width of 2 
ft, and a height of 3 ft. 


Two angles of a triangle measure 37° and 48°. Find the measure of the 
third angle. 


The height of a triangle is 7 cm. The area of the triangle is 28 cm2. Find the 
length of the base of the triangle. 


Find the volume of a sphere that has a diameter of 12 mm. Find the 
exact value. 


Determine the exact volume of a right circular cone whose radius is 7 cm 
and whose height is 16 cm. 


The perimeter of a square picture frame is 86 cm. Find the length of each 
side of the frame. 


A can of paint will cover 200 ft?. How many cans of paint should be pur- 
chased in order to paint a cylinder that has a height of 15 ft and a radius 
of 6 ft? 


The length of a rectangular park is 56 yd. The width is 48 yd. How many 
yards of fencing are needed to surround the park? 


What is the area of a square patio that measures 9.5 m on each side? 


A walkway 2 m wide surrounds a rectangular plot of grass. ae plot is 
40 m long and 25 m wide. What is the area of the walkway? 
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@ Chapter Test 


L. The diameter of a sphere is 1.5 m. Find the 2. Find the circumference of a circle with a radius 
radius of the sphere. of 5 cm. Round to the nearest hundredth. 
3. Find the perimeter of the rectangle in the fig- 4. Given AB = 15, CD = 6, and AD = 24, find 
ure below. the length of BC. 
~<—_6______6_6—__6—» ¢/ 
A BiCeeD 
Sit 
8 ft 
! 
5. Find the volume of a sphere with a diameter 6. Find the area of the circle shown below. 
of 8 ft. Round to the nearest hundredth. Round to the nearest hundredth. 


| 
: (os 
i ay, 
: 
) 


7. Given that ¢, || ¢,, find the measures of angles 8. Find the supplement of a 105° angle. 
~ aandb. 
b fi 
: y 
H a 
b 6, 
ry 80° 
3 
: 
5 
9. Given that @, || ¢,, find the measures of angles 10. Find the area of the rectangle shown below. 
a and b. 





5m 


11m 
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11. 


13: 


15: 


16. 


17. 


18. 


19: 


20. 


Chapter 3 / Geometry 


Find the volume of a cylinder with a height of 12. Find the perimeter of a rectangle that has a 
6 m and a radius of 3 m. Round to the near- length of 2 m and a width of 1.4 m. 
est hundredth. 





Find the complement of a 32° angle. 14. Find the surface area of the figure. Round to 
the nearest hundredth. 
How much more pizza is contained in a pizza with radius 10 in. than in one 


with radius 8 in.? Round to the nearest hundredth. 


A right triangle has a 32° angle. Find the measures of the other two angles. 


A bicycle tire has a diameter of 28 in. How many feet does the bicycle travel 
if the wheel makes 10 revolutions? Round to the nearest tenth. 








New carpet is installed in a room measuring 18 ft by 14 ft. Find the area of 
the room in square yards. (9 ft? = 1 yd2) 


A silo, which is in the shape of a cylinder, is 9 ft in diameter and has a height 
of 18 ft. Find the volume of the silo. Round to the nearest hundredth. wi 


Find the area of a right triangle with a base of 8 m anda height of 2.75 m. 
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11. 


13. 


15. 


17. 


G Cumulative Review 


Let x € {—3, 0, 1}. For what values of x is the 
inequality x = 1 a true statement? 


: T 
Write 59 asa percent. 


Multiply: 5.7 (—4.3) 


Evaluate 5 — 3[10 + (5 — 6)?]. 


Simplify: 5m + 3n — 8m 


Simplify. 4Gx.+ 2) — (Gx — 1) 


Find C U D, given C = (0, 10, 20, 30} and 
D = {-10, 0, 10}. 


Solve: 4x + 2 = 6x — 8 


Solve: 4y — 3 = 6y + 5 


10. 


12. 


14. 


16. 


18. 
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Cumulative Review 


Write 8.9% as a decimal. 


oh fe 4 2 
Divide: —= + = 
e 9 3 


Simplify: -V 125 


Evaluate a(b — c)} whena = —1,b = —2, and 
c= —4. 


Simplify: —7(-3y) 


Use the roster method to write the set of neg- 
ative integers greater than or equal to —2. 


Graph: x = 1 





at tt 
Dey ay Op Ale ay ah) 


Solve: 3(2x + 5) = 18 


Solve: 8 — 4(3x + 5) = 6(x — 8) 
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19. 


PA We 


23; 


24. 


Pda 


26. 


ole fe 


29. 


30. 
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Solve: 2x —-3 >5o0rx+4< 1 


Solveuia7)— le — 22; Solve.|x 8) = 2 


Find the measure of Zx. 





Translate “the difference between four timés a number and ten is two” into 
an equation and solve. 


Two angles of a triangle measure 37° and 21°. Find the measure of the third 
angle of the triangle. 


An engineering consultant invested $14,000 in a 5.5% annual simple inter- 
est account. How much should the consultant deposit in an account that 
pays 9.5% annual simple interest if the total interest earned on both 
accounts is to be $1245? 


Two sides of an isosceles triangle measure 7.5 m. The perimeter of the tri- 
angle is 19.5 m. Find the measure of the third side of the triangle. 


According to the Census Bureau, the median annual earnings of a man with 
a bachelor’s degree is $49,982, and the median earnings of a woman with a 
bachelor’s degree is $35,408. What percent of the men’s median annual 
earnings is the women’s median annual earnings? Round to the nearest 
tenth of a percent. (Median is a type of average.) 


Find the exact area of a circle that has a diameter of 9 cm. 


The volume of a box is 144 ft3. The length of the box is 12 ft, and the width 
is 4 ft. Find the height of the box. 


20. Solve: -3 = 2x -—7=5 
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Section 4.1 
A To graph points in a rectangular coordinate 
system 


B To determine ordered-pair solutions of an 
equation in two variables 


C To graph a scatter diagram 


Section 4.2 


A To evaluate a function 


Section 4.3 

A To graph an equation of the form 
y=mx+b 

B To graph an equation of the form 

Ax + By=C 

C To solve application problems 


Section 4.4 


A. To find the slope of a straight line 
B To graph a line using the slope and the 


y-intercept 
Section 4.5 


A. To find the equation of a line given a point 
and the slope 

B. To find the equation of a line given two 
points 

C To solve application problems 


Section 4.6 


A. To find equations of parallel and 
perpendicular lines 


Section 4.7 


A. To graph an inequality in two variables 


iW Need help? For online student resources, such as section 


¢ e eS) quizzes, visit this textbook’s website at 
WEB college.hmco.com/students. 





We. 


During portions of a flight, a passenger jet, like the one 
shown here, is in uniform motion, meaning that its speed and 
direction do not change. Uniform motion can be depicted in a 
graph to illustrate how fast or slow an object is moving and 
how much distance it has covered. By plotting the time and 
distance of two objects in uniform motion, it is clear which 
one is moving faster and has traveled the greater distance. 
The Project on page 265 discusses objects in uniform motion 
and how to analyze speed and distance. 
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off.” Originally, Leibnitz used 
abscissa linea, “cut off a line” 
(axis). The root of ordinate is 
also a Latin word used to 
suggest the sense of order. 
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The Rectangular Coordinate 
System 


To graph points in a rectangular — voro 
coordinate system Hee 


m ant 


TUTOR WEB 





Before the 15th century, geometry and algebra were considered separate 
branches of mathematics. That all changed when René Descartes, a French 
mathematician who lived from 1596 to 1650, developed analytic geometry. 
In this geometry, a coordinate system is used to study relationships between 
variables. 


y 


A rectangular coordinate system is formed by salt 
7 Quadrant II # Quadrant I 





two number lines, one horizontal and one vertical, 

that intersect at the zero point of each line. The horizontal | vertical 
point of intersection is called the origin. The two _ Vaxis” 7% “axis” 
lines are called coordinate axes, or simply axes. nN : eX 
Generally, the horizontal axis is labeled the x-axis and 7 Ol aren 
the vertical axis is labeled the y-axis. = 





Quadrant iit | Quadrant IV 


The axes determine a plane, which can be thought of as a large, flat sheet of 
paper. The two axes divide the plane into four regions called quadrants, 
which are numbered counterclockwise from I to IV starting from the upper right. 


Each point in the plane can be identified by a pair of numbers called an 
ordered pair. The first number of the ordered pair measures a horizontal dis- 
tance and is called the abscissa, or x-coordinate. The second number of the pair 
measures a vertical distance and is called the ordinate, or y-coordinate. The 
ordered pair (x, y) associated with a point is also called the coordinates 


of the point. 





Horizontal distance | J Vertical distance 


Ordered pair ——> (2, 3) 


x-coordinate bile) (cues y-coordinate 


To graph or plot a point in the plane, place a dot at the location given by the 
ordered pair. The graph of an ordered pair is the dot drawn at the coordi- 
nates of the point in the plane. The points whose coordinates are (3, 4) and 
(—2.5, —3) are graphed in the figures below. 











y y 
al 
2 

2.5 left ’ 

x x 

—4 20) 2 4 
pie right 3 down} |i >|... 
: 6 

(2.5, 3)! 
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TAKE NOTE The points whose coordinates are. (3, —1)8and 
aa ' (—1, 3) are graphed at the right. Note that the 

This is very important. E ‘ : ; 

An ordered pair is a graphed points are in different locations. The 

pair of coordinates, and order of the coordinates of an ordered pair is 

the order in which the F im portant. 

_ coordinates appear is 
important. 


Each point in the plane is associated with an 
ordered pair, and each ordered pair is associated 
with a point in the plane. Although only the labels 
for integers are given on a coordinate grid, the 
graph of any ordered pair can be approximated. 
For example, the points whose coordinates are 
(—2.3, 4.1) and (7, 1) are shown on the graph at 








the right. 
; SOO RS 1 Ae EEE Oy Py Co CII Re aay A BD .-ccsassssvececcenseesensastnerad nemownned seem ee eee 
Example 1 Graph the ordered pairs "You Try It 1 Graph the ordered pairs 
ope S) (a0 2), (One 2), (=4, 1), G, =3); O42 )eand 
and (3, 0). G50 y 





Solution 





y : Your solution 








eerste 2 Give the coordinates of the points "You Try It 2 Give the coordinates of the 
labeled A and B. Give the abscissa points labeled A and B. Give 
of point C and the ordinate of the abscissa of point D and 
point D. the ordinate of point C. 








Solution The coordinates of A are 42) Your solution 
The coordinates of B are (4, 4). 
The abscissa of C is —1. 
The ordinate of D is 1. 


Solutions on p. S10 





Copyright © Houghton Mifflin Company. All rights reserved. 


Peg * Sep * 


7 ae 


>= ms “tee * 


at Be Fas 


7 








Copyright © Houghton Mifflin Company. All rights reserved. 


Objective B To determine ordered-pair solutions — vinco 


TAKE NOTE 

‘ An ordered pair is of the 
form (x, y). For the 

- ordered pair (—3, 7), —3 
_ is the x value and 7 is 

_ the y value. Substitute 

_ —8 for x and 7 for y. 
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We 





of an equation in two variables 





When drawing a rectangular coordinate system, we often label the horizontal 
axis x and the vertical axis y. In this case, the coordinate system is called the 
xy-coordinate system. The coordinates of the points are given by ordered pairs 
(x, vy), where the abscissa is called the x-coordinate and the ordinate is called the 
y-coordinate. 


A coordinate system is used to study the relationship between two variables. Fre- 
quently this relationship is given by an equation. Examples of equations in two 


variables include 


y= 2x = 3 3x + 2y = 6 x2-y=0 


A solution of an equation in two variables is an ordered pair (x, y) whose 
coordinates make the equation a true statement. 


=> Is the ordered pair (—3, 7) a solution of the equation y = —2x + 1? 


Wea Oe Al 

Tee 3) “el © Replace x by —3 and y by 7. 

7 A | se ae | © Simplify. 

7=7 © Compare the results. If the resulting 


equation is a true statement, the ordered 
pair is a solution of the equation. If it is 
not a true statement, the ordered pair is 
not a solution of the equation. 


Yes, the ordered pair (—3, 7) 
is a solution of the equation. 


Besides (—3, 7), there are many other ordered-pair solutions of y = —2x + 1. 


For example, (0, 1), (-3, 4), and (4, —7) are also solutions. 


In general, an equation in two variables has an infinite number of solutions. 
By choosing any value of x and substituting that value into the equation, we can 
calculate a corresponding value of y. 


: 2 
=» Find the ordered-pair solution of y = 3x — 3 that corresponds to x = 6. 


= —(6) — 3 ¢ Replace x by 6. 
=4-3 e Solve for y. 


The ordered-pair solution is (orl): 


The solution of an equation in two variables can be graphed in an xy-coordinate 


system. 
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Graph the ordered-pair solutions of y = —2x + 1 when x = —2, 


andes 


Use the values of x to 


ordered-pair solutions of the equa- 
tion. It is convenient to record these 


in a table. 


Xe = Naa 
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ats 0,0 1, 


determine 


(x, y) 








=o =—2(= 2) 1 (2 5o)) 
= a(S 1) (aa pa) 
0 =2(0)) tal (OPE) 
1 = 21 eee (l= 
2 SIC N ae Al (253) 
“ Example 3 © You Try It 3 


Is (3, —2) a solution of 3x — 4y = 15? 





Solution 
3x — 4y = 15 
3(3) — 4(—2) | 15 © Replace x by 3 and y 
O38. 15 by —2. 
17 #15 
No, (3, —2) is not a solution of 
3x - 4y = 15, 
q Example 4 
Find the ordered-pair solution of 
aa = 5 corresponding to x = 4. 
Solution 
Replace x by 4 and solve for y. 
x 4 4 
y = eae | gas) en eee 





pe eo 


The ordered-pair solution is (4, 2), 


Is (—2, 4) a solution of x — 3y = —14? 


Your solution 


Ee” © VO ee ciciwivisiele '0.e' 81a Cie/ie0\v 0'bi0 v0 e'e)4'0\4:s/6/4 Sluueeeeseieuneas eee coanoaveane saves cneies 


“You Try It 4 


3x 


Find the ordered-pair solution of y = eo 





corresponding to x = —2., 


Your solution 


Solutions on p. S10 
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Example 5 


Graph the ordered-pair solutions of 


y= ix -#2 when x = —3,0, 3, 6. 


Solution 


POCO e SSeS OHHH THESE HEE SHEE ES ereEeESEEEEES 
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© You Try It 5 
Graph the ordered-pair solutions of 


y= -3x +2 when x = —4, -2, 0, 2. 


Your solution 


Replace x in y = oa =22 by =>, 0; 3, and 


6. For each value of x, determine the 
value of y. 





Objective C 


Solution on p. S10 


Wy 
OS & 
TUTOR WEB SSM 


Discovering a relationship between two variables is an important task in the 
study of mathematics. These relationships occur in many forms and in a wide 
variety of applications. Here are some examples. 





To graph a scatter diagram 


e A botanist wants to know the relationship between the number of bushels of 
i t of watering per acre. 
wheat yielded per acre and the amoun : ee 
© An environmental scientist wants to know the relationship between the inci- 
dence of skin cancer and the amount of ozone in the atmosphere. 
° A business analyst wants to know the relationship between the price of a prod- 
uct and the number of products that are sold at that price. 
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A researcher may investigate the relationship between two variables by means of 
regression analysis, which is a branch of statistics. The study of the relationship 
between the two variables may begin with a scatter diagram, which is a graph 
of the ordered pairs of the known data. 


e) The following table shows randomly selected data from the participants 
40 years old and older and their times (in minutes) for a recent Boston 


















Marathon. 
- Age (x) 55 
Se K EN Om - _ Time (y) 254 204 243 194 281 
_ The jagged portion of : ah ak 
_ the horizontal axisin = The scatter diagram for these data is shown at the eee 
ee ee right. Each ordered pair represents the age and time £ 300/,.--¢ 
i a ae 5 ; ie ® 
) numbers between 0 and _ for a participant. For instance, the ordered pair 256 Peeerer gen su 
_ 40 are missing. | (53, 243) indicates that a 53-year-old participant ran & 
—— ss Sthe marathon in 243 min. S 
E 





Example6 tS You Try It 6 


_ The grams of sugar and the grams of fiber i iia According to Forester Research, the growth of 
1-ounce serving of six breakfast cereals are the software rental market, in billions of 
: shown i in the table below. . _ dollars, is projected to be as shown in the table 


below. <a 





? Draw a: scatter diagram of these data. Draw a scatter diagram of these data. 


_ Strategy” re ye , nr Tale . Your strategy 
"io draw a scatter Hiker’ 
8 Draw a coordinate grid with the horizontal 
f avaxis representing the grams of sugar and the 
vertical axis the grams of fiber. 
© Graph the ordered pairs (4, 3), G, QO) (5593,); 
54642), G, 1), and (7, 5). : | ; 


~ Solution : Your solution 


= 





Grams of fiber — 
Market 
(in billions of d ollars) 
ea 


i a ee i es x hee 
199 “OO 101"%02 '03 
Year 





Grams of sugar 


Solution on p. S10 
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4.1 Exercises 


Objective A 


PGrapi (2,1), (3; =5), 
(—2, 4), and (0, 3). 





guGrapn (—4, 5), (—3, 1); 
(3, —4), and (5, 0). 





7. Find the coordinates of 
each of the points. 





10. Find the coordinates of 
each of the points. 
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Zr Grapi(s, — 1), (3,3), 3. Graph'(0, 0)).(0;—3). 
(=1,0),and (1,.—1): (—3, 0), and (0, 2). 
y ¥ 
f { 
4 4 
2 Z 
ee Pe ae : 
Saeiig Le ae SER ewe 
=o 2 
-4 -4 
Se Graphi= 1,4), (2, 3), 6. Graph (5, 2), (—4, -1), 
(0, 2), and (4, 0). (0, 0), and (0, 3). 
y sy 
A 
4 Al 
2 2s 
shaculll ce tga ie |) Bs 
Eye 2) Oo S42 Olle ee 
-2\- Londen 9 
#4 =A 
8. Find the coordinates of 9. Find the coordinates of 
each of the points. each of the points. 
y. 
eche eta 
fee 
PeemOe pars 
ray es 
aA 
11. Find the coordinates of 12. Find the coordinates of 
each of the points. each of the points. 
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13. Draw a line through all points with an 14. Draw a line through all points with an 















abscissa of 2. abscissa of —3. 
y y 
af 4| 
2 2 
eel ham we = [folate 
2 =2 
4 -4 
15. Draw a line through all points with an ordi- 16. Draw a line through all points with an ordi- 
mate of = 3) nate of 4. 
y y, 
ahs at 
2 2 














Objective B 





17. Is (3, 4) a solution of y = —x + 7? 18.. Is (2,—3) a solution of y = x 415? 

193 Is (15.2) a sohition of y= x = i)? 20. Is (1, —3) a solution of y = —2x — 1? 
21. Is (4, 1) a solution of 2x — 5y = 4? 22. Is (—5, 3) a solution of 3x — 2y = 9? 
23. Is (0, 4) a solution of 3x — 4y = —4? 24. Is (—2, 0) a solution of x + 2y = 12 


25. Find the ordered-pair solution of y = 3x — 2 corresponding to x = 3. 


26. Find the ordered-pair solution of y = 4x + 1 corresponding to x = —1. 

27. Find the ordered-pair solution of y = ox — 1 corresponding to x = 6. 

28. Find the ordered-pair solution of y = =x — 2 corresponding to x = 4. 

29. Find the ordered-pair solution of y = —3x + 1 corresponding to x = 0. 

30. Find the ordered-pair solution of y = ox — 5 corresponding to x = 0. ey, 
31. Find the ordered-pair solution of y= ox + 2 corresponding to x = 

32. Find the ordered-pair solution of = x — 2 corresponding to x = 12. 
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Graph the ordered-pair solutions for the given values of x. 


33. y= 2x; x= =2, -—170, 2 34. y= —-2x;x = —-2, -1,0,2 





AS = 6-2 & e420; 9 36. y=—x—1;x =—-2,0,2,4 





Se age Se 


“= 


a 


“=e +*y 


i, 
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Objective C aR eaten a fe tee 


41. The temperature of a chemical reaction is measured at intervals of 
10 min and recorded in the scatter diagram at the right. 
a. Find the temperature of the reaction after 20 min. 
b. After how many minutes is the temperature 160°F? 





Temperature (in °F) 








0 20 40 60 


Time (minutes) 






The jagged line means 
that the numbers between 
0 and 140 are missing. 


\ 


The amount of a substance that can be dissolved in a fixed amount of 

water usually increases as the temperature of the water increases. Cerium 

selenate, however, does not behave in this manner. The graph at the right 

shows the number of grams of cerium selenate that will dissolve in 

100 mg of water for various temperatures, in degrees Celsius. 

a. Determine the temperature at which 25 g of cerium selenate will 
dissolve. 

b. Determine the number of grams of cerium selenate that will dissolve 
when the temperature is 80°C. 


42. 


43. 


Past experience recorded by executives of a car company shows that the 
profit of a dealership will depend on the total income of all the residents 
of the town in which the dealership is located. The table below shows the 
profit of several dealerships and the total income of the towns. Draw the 
scatter diagram for these data. 





44. 


A power company suggests that a larger power plant can produce energy 
more efficiently and therefore at lower cost to consumers. The table below 
shows the output and average cost for power plants of various sizes. Draw 
the scatter diagram for these data. 





APPLYING THE CONCEPTS 





45. Suppose you are helping a student who is having trouble graphing 


say to this student to correct the error that is being made? 





Describe the graph of all the ordered pairs (x, y) that are 5 units from the 
origin. 


ordered pairs. The work of the student is at the right. What can you~ 


‘ 


Grams of 
cerium selenate 


Income (in billions of $) 


Average cost (in $) 


40 
30 | 
10 fui 





O 20 40 60 80 


Temperature 


ay 
So 







S 
wn 


iS 
° 






65 70 75 80 85 90 
Profit (thousands of $) 








on a 
Oe 1S 


ex 
o 


OS 485, 25 3:5 


Output in millions of watts 
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Introduction to Functions 


7 . , 
Objective A To evaluate a function }) & | 


) 
In mathematics and its applications, there are many times when it is necessary 
to investigate a relationship between two quantities. Here is a financial applica- 
tion: Consider a person who is planning to finance the purchase of a car. If the 
current interest rate for a five-year loan is 9%, the equation that describes the 
relationship between the amount that is borrowed B and the monthly payment 
P is P = 0.020758B. 





For each amount the purchaser may borrow (B), there is 0.020758B = P 
a certain monthly payment (P). The relationship between 
the amount borrowed and the payment can be recorded 


as ordered pairs, where the first coordinate is the amount (5000, 103.79) 
: borrowed and the second coordinate is the monthly pay- (6000, 124.55) 
ment. Some of these ordered pairs are shown at the right. (7000, 145.31) 


(8000, 166.06) 


Se. a 


A relationship between two quantities is not always given 
by an equation. The table at the right describes a grading 
scale that defines a relationship between a score on a test 
and a letter grade. For each score, the table assigns only 
one letter grade. The ordered pair (84, B) indicates that a 
score of 84 receives a letter grade of B. 


eS". Oe ee eee 


The graph at the right also shows a relationship 
, between two quantities. It is a graph of the viscosity 
; ; V of SAE 40 motor oil at various temperatures T. 
Ordered pairs can be approximated from the graph. 
The ordered pair (120, 250) indicates that the viscos- 
ity of the oil at 120°F is 250 units. 


Viscosity 





100 120 140 


Temperature (in °F) 


ee OT ee ee 


was 


In each of these examples, there is a rule (an equation, a table, or a graph) that 
| determines a certain set of ordered pairs. 


ea, bt 


‘a> =e 


ve 


Definition of Relation 


~ 


A relation is a set of ordered pairs. 





WFR 3 





Here are some of the ordered pairs for the relations given above. 
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These three relations are actually a special type of relation called a function. 


Functions play an important role in mathematics and its applications. 


Definition of Function 


A function is a relation in which no two ordered pairs have the same first coordinate and 
different second coordinates. 





The domain of a function is the set of the first coordinates of all the ordered 
pairs of the function. The range is the set of the second coordinates of all the 
ordered pairs of the function. 
For the function defined by the ordered pairs 

LOPS NAy Ona CS RO)y 


the domain is {2, 4, 6, 8} and the range is {3, 5, 7, 9}. 


™ Find the domain and range of the function {(2, 3), (4, 6), (6, 8), (10, 6)}. 


The domain is {2, 4, 6, 10}. ¢ The domain of the function is the set of 
the first components in the ordered pairs. 
The range is {3, 6, 8}. ¢ The range of the function is the set of the 


second components in the ordered pairs. 


For each element of the domain of a function there is a corresponding element 
in the range of the function. A possible diagram for the function in the example 
above is 


Domain Range 


Siar; 
pee 


{(2, 3), (4, 6), (6, 8), (10, 6)} 


Functions defined by tables or graphs, such as those described at the beginning 
of this section, have important applications. However, a major focus of this text 
is functions defined by equations in two variables. 


The “square” function, which pairs each real number with its square, can be 
defined by the equation ved 


y= x? 


This equation states that for a given value of x in the domain, the value of yin 
the range is the square of x. For instance, if x = 6, then y = 36, and if x = oat 


then y = 49. Because the value of y depends on the value of x, y is called the 
dependent variable and «x is called the independent variable. 
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Wer = ne 
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=e err 





A 
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r 





_ tion of the square 
right. The function acts 


: -a number from the 
_ domain into the square 
_ of the number. , — 


bs 
: ie 
g 


iA pictorial representa- < ' 
_ function is shown at the 


F M4 3, Ire ¢ ‘ 4 
| asamachine that turns 


‘iseecrrpeveumnen cence 200 onan RTS MAS PNT IONS TREE 
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A function can be thought of as a rule that 
pairs one number with another number. For 
instance, the square function pairs a num- 
ber with its square. The ordered pairs for the 


values shown at the right are (—5, 25), (2, al 


(0, 0), and (3, 9). For this function, the second 
coordinate is the square of the first coordi- 
nate. If we let x represent the first coordinate, 
then the second coordinate is x? and we have 
the ordered pair (x, x”). 





A function cannot have two ordered pairs with 
different second coordinates and the same first 
coordinate. However, a function can contain 
ordered pairs with the same second coordi- 
nate. For instance, the square function has the 
ordered pairs (—3, 9) and (3, 9): the same sec- 
ond coordinate but different first coordinates. 


The double function pairs a number with 
twice that number. The ordered pairs for 
the values shown at the right are (—5, —10), 
I'S S\, (0, 0), and (3, 6). For this function, the 
second coordinate is twice the first coordi- 
nate. If we let x represent the first coordinate, 
then the second coordinate is 2x and we have 
the ordered pair (x, 2x). 





oO) 24 


Not every equation in two variables defines a function. For instance, consider 
Wee) 
This equation does not define a function. Because 
B2=47+9 and (—5)?=4°+9 
the ordered pairs (4, 5) and (4, —5) are both solutions of the equation. Conse- 
quently, there are two ordered pairs that have the same first coordinate, 4, but 
different second coordinates, 5 and —5. Therefore, the equation does not define 


a function. Other ordered pairs for this equation are (0, —3), (0, 3), (V7, —4), and 
(V7, 4). A graphical representation of these ordered pairs is shown below. 


Domain Range 
if Meee mt 





Note from this graphical representation that an element from the domain has 
two arrows to different elements in the range. Any time this occurs, the situation 
does not represent a function. However, this diagram does represent a relation. 
The relation for the values shown is {(0, —3), (0, 3), (4, —5), (4, 5), (V7, —4), 
(V7, 4)}. 

The phrase “y is a function of x,” or a similar phrase with different variables, is 


used to describe those equations in two variables that define functions. To 
emphasize that the equation represents a function, functional notation is used. 
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Just as x is commonly used as a variable to represent a number, the letter f is 
commonly used to name a function. The square function is written in functional 
notation as follows: 


This is the value of the function. 
It is the number that is paired with x. 


uae 
The name of the function is f. This is an algebraic expression that defines the rela- 
tionship between the dependent and independent 
variables. 


\ ‘ 


The symbol f(x) is read “the value of f at x” or “f of x.” 


It is important to note that f(x) does not mean f times x. The symbol f(x) is the 
value of the function and represents the value of the dependent variable for a 
The dependent variable : ; ; ; : 
Apand Furican be used given value of the independent variable. We often write y = f(x) to emphasize 
_ interchangeably. _ the relationship between the independent variable, x, and the dependent vari- 
» able, y. Remember that y and f(x) are different symbols for the same number. 


TAKE NOTE 


The letters used to represent a function are somewhat arbitrary. All of the fol- 
lowing equations represent the same function. 


f(x) =x? 
s(t) = t? } These equations represent the square function. 
Py in 


The process of determining f(x) for a given value of x is called evaluating 
the function. For instance, to evaluate f(x) = x? when x = 4, replace x by 4 and 


simplify. 
f(x) =x? 
(Q)i=47=16 
ne oe of the function is 16 when x = 4. An ordered pair of the function is 
jel Oe 


=> Evaluate g(t) = 3t* — 5¢ + 1 whent = —2. 
et) = 30 = 5t4+1 
e(=2) = 3(-2yY — 5(-2) 41 ° Replace t by —2 and then simplify. 
= 3(4) — 5(-2) + 1 
= 12 + 10 Piliee3 


When ¢ is —2, the value of the function is 23. 
Therefore, an ordered pair of the function is (—2, 23). 


It is possible to evaluate a function for a variable expression. 


"> Evaluate P(z) = 3z - 7 whenz=3 +h. es 


Ta oe | 
P3 +h) =38+h)-7 ° Replace zby 3 + A and then simplify. 
=9+3h—-—7 
=3h+2 


When z is 3 + h, the value of the function is 3h + 2, 
Therefore, an ordered pair of the function is (3 + h, 3h + 2), 
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The range of a function contains all the elements that result from applying the 
function to each element of the domain. If the domain contains an infinite num- 
ber of elements, then it may be difficult to find the range. However, if the domain 


has only a finite number of elements, then the range can be found by evaluating 


the function for each element in the domain. 


=> Find the range of f(x) = x° + x if the domain is {—2, —1, 0, 1, 2}. 


fQ) =x +x 
£2) =(- 2) + (=2) = =10 ° Replace x by each member of the domain. 
f(—1) = (-1)? + (-1) = -2 The range includes the values of f(—2), 
f(0) = 0? +0=0 f(—1), £(0), (1), and (2). 


fa)=B+1=2 
f(2) = 23+2=10 


Phe rangeis{—10, —2, 0, 2; 10}. 


When a function is represented by an equation, the domain of the function is all 
real numbers for which the value of the function is a real number. For instance, 


* The domain of f(x) = x? is all real numbers, because the square of every real 
number is a real number. 
1 
= 





e The domain of g(x) = 5 is all real numbers except 2, because when x = 2, 


g(2) = 5 = * which is not a real number. 


The domain of the grading-scale function is the set of 


whole numbers from 0 to 100. In set-builder notation, Luce 
this is written {x|0 <x < 100, x € whole numbers}. The 
range is {A, B, C, D, F}. 


= What values, if any, are excluded from the domain of f(x)i= 24-314 12 


Because the value of 2x? — 7x + 1 is a real number for any value of x, the 
domain of the function is all real numbers. No values are excluded from the 
domain of f(x) = 2x? — 7x + 1. 


hfe 
ve 


4 ie fgh sv ie *2 7 i 


Boon preeasessessennee ceececsccceececcsceccccscasenessssssenssecscrcoenes ACOs OOnS 
za oem - 
- 


= ove 7 
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Example 2 
Given p(r) = 5r? — 6r — 2, find p(—3). 


Solution 
plr) = 5r? — 6r — 2 
Des) 53s 6-3) 22 
= 5(-—27) + 18 — 2 
= — 135 918 ~ 2: =119 


eee 3 


Evaluate Q(r) = 2r+ 5 whenr =h + 3. 


Solution 
Q(r) = 2r+5 
Q(h + 3) =2(h+3)+5 
=2h+6+5 
=2h+11 
Example 4 


Find the range of f(x) = x* — 1 if the domain is 
Eee ek Oa yd 


Solution 
To find the range, evaluate the function at each 
element of the domain. 


f C= 
ey =(-2)0— 1 = 
fe) {el} = 1= 
i ae 
fay="-1=1-1= 
FQ) =2?-1=4-1=3 


The range is {—1, 0, 3}. Note that 0 and 3 are 
listed only once. 


Ande 


— 
II 


Picheinl oscirielolesel Lele)” ©18:6 916)8\0i@[e/6/e\6/9\e{6(e1e/bie'sias\6 ele a\nie(oivie.0le 6:s/sielele.e\aieisia\eie.e;s is else's e 6/cinieisinc 


Edainple 5 
What is the domain of f(x) = 2x? — 7x + 1? 


Solution 

Because 2x* — 7x + 1 evaluates to a real 
number for any value of x, the domain of the 
function is all real numbers. 


Ls Try It 2 


Evaluate G(x) = ——> 5 When n= 


Your Solution 


Ri Try It 3 


Evaluate f(x) = x? — 11 when x = 3h. 


Your solution 


Pee eee eer seresccreeeesesee seers sesesesesesoesEsereceeeesesereeeeeeeeceseeconSE 


"You Try It 4 
Find the range of h(z) = 3z + 1 if the domain 


c ioe) 
1S {o, 3 3? 7 


Your solution 


ee Try ee Ra ee ee 


What value is excluded from the ae of 


fx) ===? es 


v 


Your solution 


Solutions on p. S11 
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4.2 Exercises 





Objective A 
In your own words, explain what a function is. 


What is the domain of a function? What is the range of a function? 


Does the diagram below represent a func- a, 4. Does the diagram below represent a func- 
tion? Explain your answer. tion? Explain your answer. 


Domain Domain Range 





“, 5. Does the diagram below represent a func- @, 6. Does the diagram below represent a func- 
tion? Explain your answer. tion? Explain your answer. 


Domain Range Domain Range 





7. Does the diagram below represent a func- a 8. Does the diagram below represent a func- 
tion? Explain your answer. tion? Explain your answer. 


Domain Range Domain Range 





State whether each of the following relations is a function. 


9. {(0, 0), (2, 4), (3, 6), (, 8), G, 10)} 10. CS) GC, 2), 2), 9) 
tree 1), 4-5), 0, -), (3, 5)} 125-3, - (-1, —1), (0, 1), (2, 6)} 
Tae 1-2; 3), (= 1,3), 00, 23 Ciees)) (2503)5 14. {(0, 0), (1, 0), (2, 0), (3, 0), (4, 0) 
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17. The table at the right shows the cost to send an overnight pack- 
BY age using United Parcel Service. 
a. Does this table define a function? 
b. Given x = 2.75 lb, find y. 


Weight in pounds (x) Cost (y) 










18. The table at the right shows the cost to send an “Express Mail” 
a package using the U.S. Postal Service. 
a. Does this table define a function? 
b. Given x = 0.5 lb, find y. 


Weight inipounds (x) Cost (y) 


- SOBA 





Given f(x) = 5x — 4, evaluate: 


19. f(3) 20s (2) 21. (0) 22) feds 


Given G(t) = 4 — 3t, evaluate: 


Zoe) 24. G3) 25m —2) 26. G(4) 


Given q(r) = r? — 4, evaluate: 


27g) 28. (4) 29. g(—2) 30. g(-5) 


Given F(x) = x? + 3x — 4, evaluate: 


31. F(4) B24) 33.) Fis) 34. F(—6) 


: yes : 
Given H(p) = viet. evaluate: 


35.2. HQ) 36. H(—3) 37.” H@) 38. H(v) 


Given s(t) = t? — 3t + 4, evaluate: 
3957 s(— 1) 40. s(2) 41. s(a) 42. s(w) 


43. Given P(x) = 4x + 7, write P(—2 + h) — P(—2) in simplest form. 


44. Given G(t) = 9 — 2t, write G(—3 + h) — G(-3) in simplest form. 
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45. Game Engineering has just completed the programming and Niece Cosmin tb cektic Mimaki 
testing for a new computer game. The cost to manufacture Manufactured One Game 
- and package the game depends on the number of units ae 0 
Game Engineering plans to sell. The table at the right shows 
the cost per game for packaging various quantities. Evaluate 
this function when 
a. x = 7000 b. x = 20,000 


‘ 


46. Airport administrators have a tendency to price airport park- 
ing at a rate that discourages people from using the parking 
lot for long periods of time. The rate structure for an airport 
is given in the table at the right. Evaluate this function when 
a.t=2.5h b. t=7h 


47. A real estate appraiser charges a fee that depends on the 


: ae Val f Appraisal 
estimated value, V, of the property. A table giving the fees Property ee 


charged for various estimated values of the real estate 
appears at the right. Evaluate this function when 
a. V = $5,000,000 b. V = $767,000 


48. The cost to mail a priority overnight package by Federal 


the costs for selected weights is given at the right. Evaluate 
this function when 
a. w = 2 1b3 0z b. w = 1.9 lb 





Find the domain and range of the function. 


49. {(, 1), (2, 4), G, 7), , 10), G, 13)} 50. {(2, 6), (4, 18), (6, 38), (8, 66), (10, 102)} 
51. {(0, 1), (2, 2), (4, 3), (6, Yt Bee (Onto (laa), (4a); (2.4 
532 {617 0),1(37 0),O,,0)x 7.9); (9, O)} 54. {(=2; in (2, 4),(= 1p DPE ea See) Spe) 
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56: {(0; 5); 'G, 0) (10,25), Coal), 


What values are excluded from the domain of the function? 


So: 


62. 


65. 


68. 


1G 


74. 














fs) =—— 
Fn ma 
G@) =x? + I 
g(x) = _ : 
ae - 5 
m3 


60. g(x) = 


63. 


66. 


69. 


72. 


75. 





x+4 


{ea 3x +2 
H(z) = +2? 
aa 


H@) =x? -x+1 


3 = Bye 
5 





g(x) = 


56 = @? 
2 





f(x) = 


61. 


64. 


67. 


70. 


3: 


76. 


Find the range of the function defined by each equation and the given domain. 


Dia (x)= 40 — 


79 2(4) = 5 8; domain — 43.1, Om es 


81. 


3; domain = {0, 1, 2, 3} 


h(x) = x*; domain = {—2, -1, 0, 1, 2} 


58. {(—8, 0), (—4, 2), (—2, 4), (0, —4), (4, 4)} 





Bide 
CUE moe 
e(x) =4—- 2x 
faeces 





f(x) = 3x7 +" +4 





32 = 2 
H(x) = 
(x) Re ae 
D 
G(x) = ——— 
©) i) 


78. G(x) = 3 — 5x; domain = (2210 leer 


80. h(x) = 3x — 7; domain = {—4, -2, 0, 2, 4} 


82. H(x) = 1 — x?: domain = 4-2, 211 O01 8 
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83. f(x) = 2x? — 2x + 2; 84. G(x) = —2x? + 5x — 2; 
domain = {—4, —2, 0, 4} domain = {—3, —1, 0, 1, 3} 
85. A(x) = meee aomain = {=2, 0, 2 
ee Ones 86. 2x) = ee domain = {—5, 0, 3} 

87. f(x) = =; domai ee 

on. TAX a omain' = {—2, 0,2; 6} 88. e(Z)i= Fy! domain = {—2, ih .0,1122% 
89. H(x) = 2 — 3x — x7; domain = {—5, 0, 5} 90. G(x) = 4 — 3x — x3; domain = {-3, 0, 3} 
APPLYING THE CONCEPTS 


e491. 
N 


95. 


Explain the words relation and function. Include in your explanation how 
the meanings of the two words differ. 


Give a real-world example of a relation that is not a function. Is it possi- 
ble to give an example of a function that is not a relation? If so, give one. 
If not, explain why it is not possible. 


Find the set of ordered pairs (x, y) determined by the equation y = es 
where x € {—2, —1, 0, 1, 2}. Does the set of ordered pairs define a func- 


tion? Why or why not? 


Find the set of ordered pairs (x, y) determined by the equation |y| = x, 
where x € {0, 1, 2, 3}. Does the set of ordered pairs define a function? Why 


or why not? 


The power a windmill can generate is a function of the velocity of the 
wind. The function can be approximated by P = fv) = 0.015v°, where P 
is the power in watts and v is the velocity of the wind in meters per sec- 
ond. How much power will be produced by a windmill when the velocity 


of the wind is 15 m/s? 
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96. The distance s, in feet, that a car will skid on a certain road surface after 
the brakes are applied is a function of the car’s velocity, v (in miles per 
hour). The function can be approximated by s = f(v) = 0.017v?. How far 
will a car skid after its brakes are applied if it is traveling 60 mph? 





Each of the following graphs defines a function. Evaluate the function by 
estimating the ordinate (which is the value of the function) for the given value ' 
Oba 


‘ 


97. The graph at the right shows the speed v, in feet per second, that a para- 
chutist is falling during the first 20 s after jumping out of a plane. Esti- 
mate the speed at which the parachutist is falling when 
a.t=5s bs #= "15.52 "& 


Speed (in ft/s) 
Ww Wo & 
=) le) oS 


i 
o 





j=) 


lO me ame2 0) 


Seconds 


98. The graph at the right shows what an industrial psychologist has deter- 
mined to be the average percent score, P, for an employee taking a 
performance test t weeks after training begins. Estimate the score an 
employee would receive on this test when 
a. t = 4 weeks b. t = 10 weeks 


Percent 





99. The graph at the right shows the temperature T, in degrees Fahrenheit, 





of a can of cola ¢ hours after it is placed in a refrigerator. Use the graph © 
to estimate the temperature of the cola when oye 
oO 
a= 5h b.t=15h Bee 
& 40 
A. 
B20 
B 
0 5 10 15 20 25 
Hours 
100. The graph at the right shows the decrease in the heart rate r, in beats per 
minute, of a runner ¢ minutes after the completion of a race. Use the Ms 
graph to estimate the heart rate of a runner when E ae 
a. t= 5 min b. ¢ = 20 min oe 
+ 6 oy 75 
2 50|- 
iss} 
m 25 





Oh eS OMism20n25 


Minutes 
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Objective A 


The Projects and Group 
Activities at the end of this 
chapter contain information on 
using calculators to graph an 
equation. 
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Linear Equations in 
Two Variables 





m he 
To graph an equation of the form y = mx + b ‘co & LY. 
WEB 


The graph of an equation in two variables is a graph of the ordered-pair solu- 
tions of the equation. 






Consider y= 2x + 1. Choosing x = —-2, <x 
={, 0, 1, and 2 and determining the 


(x, y) 
(2643) 









232) 


corresponding values of y produces some —j 2(-1) + 1 (= la 
of the ordered pairs of the equation. 0 2(0) + 1 (0, 1) 
These are recorded in the table at the 1 2(1) + 1 (1, 3) 
right. See the graph of the ordered pairs 2 2(2) + 1 (25.5) 


in Figure 1. 

Choosing values of x that are not integers produces more ordered pairs to 
5 Nags 

graph, such as (-5, -4) and i 4), as shown in Figure 2. Choosing still other 


values of x would result in more and more ordered pairs being graphed. The 
result would be so many dots that the graph would appear as the straight line 
shown in Figure 3, which is the graph of y = 2x + 1. 


cra y 
TPES eee 


4 

















Figure 1 Figure 2 Figure 3 


Equations in two variables have characteristic graphs. The equation y = 2x + 1 
is an example of a linear equation, or linear function, because its graph is a 
straight line. It is also called a first-degree equation in two variables because the 
exponent on each variable is the first power. 


Linear Equation in Two Variables 
Any equation of the form y= mx + b, where mis the coefficient of x and bis a constant, is 


a linear equation in two variables or a first-degree equation in two variables. The graph 
of a linear equation in two variables is a straight line. 





Examples of linear equations are y=2x +1 (m = 2,b=1) 
shown at the right. These equations y=x-4 (m= 1,b= —4) 
represent linear functions because a std 3 3 eee 3 £0 
there is only one possible y for each x. : 4 4 

Note: that for.y =. 3.—2%,..#7 is the ase 2k (m = —2, b = 3) 


coefficient of x and b is the constant. 


The equation y = x? + 4x + 3 is nota linear equation in two variables because 





3 : A 
7 is not a linear 


there is a term with a variable squared. The equation y = ae 


equation because a variable occurs in the denominator of a fraction. 
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(TAKE NOTE | 
| Ifthe three points you 
_graphdonotlieona =| 
| straight line, then either | 


{ 
3 


' you have made an ay a | 
| arithmetic error in _ laa, | 
_ calculating apointor 
i a Ase | 
you have plotted a point 
bos ; vy iH 
eeeveerebhe 


To graph a linear equation, find ordered-pair solutions of the equation. Do 
this by choosing any value of x and finding the corresponding value of y. 
Repeat this procedure, choosing different values for x, until you have found 
the number of solutions desired. 


Because the graph of a linear equation in two variables is a straight line, and 
a straight line is determined by two points, it is necessary to find only two 
solutions. However, it is recommended that at least three points be used to 
ensure accuracy. 





=> Graph y = 2x + 1. 


Choose any values of x, and then find corre- 0 PAU IS | l 
sponding values of y. The numbers 0, 2, and 2 cyl 5 
—1 were chosen arbitrarily for x. It is conve- =14 2 Dia hig 


nient to record these solutions in a table. 


Graph the ordered-pair solutions (0, 1), (2, 5), 
and (—1, —1). Draw a line through the 
ordered-pair solutions. 





Remember that a graph is a drawing of the ordered-pair solutions of the equa- 
tion. Therefore, every point on the graph is a solution of the equation, and every 
solution of the equation is a point on the graph. 


The graph at the right is the graph of y = x + 2. 
Note that (—4, —2) and (1, 3) are points on 
the graph and that these points are solutions of 
y =x + 2. The point whose coordinates are (4, 1) 
is not a point on the graph and is not a solution 
of the equation. 





When 1 is a fraction in the equation y = mx + b, choose values of x that will sim- 
plify the evaluation. 


=™ Graph y = 3 =—yls 


3 
Choose values of x that are multiples of 
the denominator. The numbers OF oe 
and —3 are used here. 


m is a fraction. (m = ;) 
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POOP e SEH es ereeseereesaeenesesere 
eecee 
COOP H SSE H TEETH SESH ESTHET SETH ESESESETES PERSE EESEEETES SESE SES ES ESSE EES ESEEEESES EE EESES SESE SES ESET SE SESESHSHESEH SHEESH EES 


Example 1 Graph y = 3x — 2. You Try It 1 Graph y = 3x + 1. 


Solution 






Your solution y 


Example 2. Graph y = 2x. You Try It 2 Graph y = —2kx. 


Solution oO Your solution 





Example 3 You Try It 3 
Graph y = xt =U Graph y = 3 = 33 
‘Solution Your solution 


Neb 

Ose k 

2 0 
= ee eae 





Solutions on p. S11 





VIDEO @ Nd Ly» 
Objective B To graph an equation of the form Ax + By=C 3 ) ~~ YS Bee 


An equation in the form Ax + By = Cis also a linear equation. Examples of these 
equations are shown below. 


2x + 3y = 6 (A=2,8=3, C= 6) 
ye 4 AR BH 2.C — A) 
2x +y =0 (A=2,B=1, C=0) 
4x — 5y =2 A=4 8 -3,C =2) 


One method of graphing an equation of the form Ax + By = C involves first 
solving the equation for y and then following the same procedure used for 
graphing an equation of the form y = mx + b. To solve the equation for y 
means to rewrite the equation so that y is alone on one side of the equation and 
the term containing x and the constant are on the other side of the equation. 
The Addition and Multiplication Properties of Equations are used to rewrite 
an equation of the form Ax + By = C in the form y = mx + b. 


226 Chapter 4/ Linear Equations and Inequalities in Two Variables 


=> Solve the equation 3x + 2y = 4 for y. 


3x + 2y = 4 
SK Be TV On ae, 


AV Ho 3K oe 4. 


1 1 
=. = —(—3x +4 
5 Ay 5 x + 4) 


SAL es a 
Dimes 34) (4) 


‘ 


3 
i= oe 


In solving the equation 3x + 2y = 4 for y, where we multi- 
plied both sides of the equation by > we could have 


divided both sides of the equation by 2, as shown at the 
right. In simplifying the right side after dividing both sides 
by 2, be sure to divide each term by 2. 


™ Graph 3x + 4y = 12. 


3x + 4y = 12 
A see 119) 
3 
> cae 
AZ 
i i 
4/0 
An 6 





e The equation is in the form Ax + By = C. 


e Use the Addition Property of Equations to 
subtract the term 3x from each side of 
the equation. 


¢ Simplify. Note that on the right side of the 
equation, the term containing x is first, 
followed by the constant. 


e Use the Multiplication Property of Equations 
to multiply each side of the equation by the 
reciprocal of the coefficient of y. (The coeffi- 


cient of y is 2; the reciprocal of 2 is ; : 
© Simplify. Use the Distributive Property on the 
right side of the equation. 


¢ The equation is now in the form y = mx + b, 


with m= — and b=2. 


2y = —3x + 4 
ney oes 
2. i aie! 
re 
a Se 
y=-Sx42 


© Solve the equation for y. 
© Subtract 3x from each side of the equation. 


¢ Divide each side of the equation by 4. 


¢ Find three ordered-pair solutions of the equation. 


¢ Graph the ordered pairs and then draw a line 
through the points. * , 
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The graph of the equation 2x + 3y = 6 is shown at) Gq 
the right. The graph crosses the x-axis at the point ~™ a 
(3, 0). This point is called the x-intercept. The graph = oN 
also crosses the y-axis at the point (0, 2). This point intercept 
is called the y-intercept. pe 










We can find the x-intercept and the y-intercept of the graph of the equation 
2x + 3y = 6 algebraically. . 









[ AKE se c a To find the x-intercept, let y = 0. Det By =16 
toiuton thease (Any point on the x-axis has y-coordinate ().) 2x + 3(0) = 6 
_ has y-coordinate 0. Any 2x = 6 
' point on the y-axis has x=3 


| x-coordinate 0. 


The x-intercept is (3, 0). 


To find the y-intercept, let x = 0. 2x + 3y = 6 
(Any point on the y-axis has x-coordinate 0.) 2(0) + 3y = 6 
3y = 6 
y=2 


The y-intercept is (0, 2). 


Another method of graphing an equation of the form Ax + By = C is to find 
the x- and y-intercepts, plot both intercepts, and then draw a line through the 
two points. This method of graphing the equation 3x + 4y = 12 is shown 
below. Note that this is the same equation graphed at the bottom of the previ- 
ous page. 


=> Graph 3x + 4y = 12 by using the x- and y-intercepts. 


x-intercept: 3x + 4y = 12 


3x 4 4(0) = 12 e To find the x-intercept, let y = 0. 
3x = 12 
i = a e The x-intercept is (4, 0). 
y-intercept: 3x + 4y = 12 
3(0) +4y = 12 To find the y-intercept, let x = 0. 
4y = 12 
i © The y-intercept is (0, 3). 


Graph the ordered pairs (4, 0), and (0, 3). Draw 
a straight line through the points. 
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The graph of a linear equation with one of the variables missing is either a hori- 
zontal or a vertical line. 


The equation y = 2 could be written 0x + y = 2. Because 0x = 0 for any value of 
x, the value of y is always 2, no matter what value of x is chosen. For instance, 
replace x by —4, —1, 0, or 3. In each case, y = 2. 


Ox +y =2 
0(-4) +y =2 (—4, 2) is a solution. 
O(—1) + ¥=2 (—1, 2) is a solution: 
0(0) +y =2 (0, 2) is a solution. 
0(3) +y =2 (3, 2) is a solution. + 


The solutions are plotted in the graph to the right, 
and a line is drawn through the plotted points. Note 
that the line is horizontal. 





Graph of a Horizontal Line : 


The graph of y= bisa horizontal line passing through (0, 5). 





The equation x = —2 could be written x + Oy = —2. Because Oy = 0 for any value 
of y, the value of x is always —2, no matter what value of y is chosen. For 
instance, replace y by —2, 0, 2, or 3. In each case, x = —2. 
a Oy) 
rel 2) (—2, —2) is a solution. 

x + 0(0) = —2 (—2, 0) is a solution. 

Xt OC) eae 2 (2,2) 1s.a, solution. 

x + .0G) = —2 (—2, 3).is assolution: 


The solutions are plotted in the graph at the right, 
and a line is drawn through the plotted points. Note 
that the line is vertical. 





Graph of a Vertical Line 


The graph of x = ais a vertical line passing through (a, 0). 





"> Graph x = —3 and y = —1 on the same coordinate grid. 


© The graph of x = —3 is.a-yertical line passing through 
(—3, 0). 


© The graph of y = —1 is a horizontal line passing 
through (0, —1). 
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Example 4 pe Try It 4 
Solve the equation 2x — 5y = 10 for y. Then Solve the equation 5x — 2y = 10 for y. Then 
graph the equation. graph the equation. 
Solution Your solution 
2x°—=-Sy = 10 
= y= 24 + 10 
5 a 
ae > 2 
ier 5 
alls 
| =2 
5 0 
a ee! 
, | ee Fe ec Gee a cf Siwekaassssesgus cacatsevohncaitiadeiceceetes [ cadbhocTiscvciasl coves susveedanslbe ens og haven Maes toeteuesuemaceusucdecaeten 
Example 5 You Try It 5 
| Find the x- and y-intercepts of x — 2y = 4. Find the x- and y-intercepts of x — 4y = —4. 
Graph the line. Graph the line. 
: Solution Your solution 
3 x-intercept: 
i Soy = 34 
x=4 
“ (4, 0) 
y-intercept: 
x—2’y=4 
0-2y=4 
, —2y =4 
ato 
(0, -2) 
oS 6 You Try It 6 
Graph y = —2. Graph x = —4. 
Solution Your solution 


The graph of an equation of the form y = bisa 
horizontal line passing through the point (0, 0). 





Solutions on p. S11 
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TAKE NOTE 


In many applications, 
the domain of the : 
variable is given such t 
that the equation makes | 
sense. For this applica- 
tion, it would not be i 
sensible to have values 
of t that are less than 0. 
This would indicate 
negative time! The 
number 12 is somewhat 
arbitrary, but after 

12 min, most people's 
heart rates would level ' 
off and a linear function | 
would no longer apply. 





B 
Ae IMLS SION ITS RI IE EIT R OTE 





| Example 7 
A telephone repair technician charges $45 plus 
$1 per minute to repair defective wiring in a 
home or apartment. The equation that 
describes the total cost, C, to have defective 
wiring repaired is given by C = t + 45, where ¢ 
is the number of minutes the technician works. 
Graph this equation for 0 < t < 60. The point 
whose coordinates are (15, 60) is on the graph. 
Write a sentence that describes the meaning of 


this ordered pair. 


Solution 


Cost (in dollars) 
lon 
fon) 


0 10 20 30 40 50 


Time (in minutes) 


Heart rate 


(in beats per minute) 
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_ Objective C To solve application problems 





There are a variety of applications of linear functions. 


a. Graph this equation for 0 <¢ < 12. 
b. The point whose coordinates are (5, 82) is on the graph. Write a sentence 
that describes the meaning of this ordered pair. 


es) 


80 
60 
40 
20 





ae t 
O72 47678510) 


Time (in minutes) 


this ordered pair. 


Your solution 





Height (in inches) 





0 102030) 40 
Stride (in inches) 


The ordered pair (15, 60) means that it costs 
$60 for the technician to work 15 min. 


~» The heart rate, R, after ¢ minutes for a person taking a brisk walk can be 
approximated by the equation R = 2¢ + 72. 


b. The point whose coordinates are (5, 82) means that after 5 min the person’s 
heart rate is 82 beats per minute. 


SOO Seoeeeesesesessosesesees 


The height / (in inches) of a person and the 
length L (in inches) of that person’s stride 
while walking are related. The equation 


h= = + 50 approximates that relationship. 


Graph this equation for 15 < L = 40. The point 
whose coordinates are (32, 74) is on this graph. 
Write a sentence that describes the meaning of 


Solution on p. S11 
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4.3 Exercises 


Objective A 





Graph. 











Copyright © Houghton Mifflin Company. All rights reserved. 





232 Chapter 4 / Linear Equations and Inequalities in Two Variables 


13. ysx—3 14. y=x+2 





16. y=-x-1 17. 





Objective B 





Find the x- and y-intercepts. 


[Oe ay 3 20. 34 4y = 12 
IPA, ee GL tN Paeys Pike = egy 2G) 
Graph. 

255 eon yes 3 202k ee 4 














21. x-—5y=10 


24. 3x +4y =0 


27, 2 ee 
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28. x—-4y=8 29. 26 — 3y-— "12 30. x — 3y =6 





Si. we ay = 4 33. 2x + 5y = 10 





37. x + 4y=4 38. Ch be ee. 
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eae Application Problems 
a, m D 
~ 40. The Rattler roller coaster at Fiesta, in San Antonio, Texas, has a maxi- 





mum speed of approximately 110 ft/s. The equation that describes the d 1000 } 
total number of feet traveled by the roller coaster in t seconds at this =| ee 
speed is given by D = 110t. Graph this equation for 0 <t < 10. The E “nn es S80)” 
point (5, 550) is on this graph. Write a sentence that describes the 3 Pepe 
meaning of this ordered pair. E | 
5 10 
Seconds 


,a41. According to some veterinarians, the age, x, of a dog can be translated 
to “human years” by using the equation H = 4x + 16, where H is the 
human equivalent age for the dog. Graph this equation for 2 < x < 21. 
The point whose coordinates are (6, 40) is on this graph. Write a sen- 
tence that explains the meaning of this ordered pair. 


Human age 





,42. The monthly cost for receiving messages from a telephone answering & 
service is $8.00 plus $.20 a message. The equation that describes the aie hele 
cost is C = 0.20n + 8.00, where n is the number of messages received. ¢ 14 We 4 ho} 
Graph this equation for 0 <n = 40. The point (32, 14.40) is on the LS Tae} 
i 5 , x or LO; 
graph. Write a sentence that describes the meaning of this ordered pair. © |. 





“10 20 30 40 


Number of messages 


A custom-illustrated sign or banner can be commissioned for a cost of y. 
$25 for the material and $10.50 per square foot for the artwork. The 
equation that represents this cost is given by y = 10.50x + 25, where y 
is the cost and x is the number of square feet in the sign. Graph this 
equation for 0 = x = 20. The point (15, 182.5) is on the graph. Write a 
sentence that describes the meaning of this ordered pair. 


200 }--(15, 182.5)¢ 


Cost 





10 20 
Square feet 


A rescue helicopter is rushing at a constant speed of 150 mph to reach D en bAs 
several people stranded in the ocean 11 mi away after their boat sank. ‘Ole 
The rescuers can determine how far they are from the victims using the ake 
equation D = 11 — 2.5t, where D is the distance in miles and t is thes 255, 

time elapsed in minutes. Graph this equation for0 =¢<4. The point 2 Fi 





(3, 3.5) is on the graph. Write a sentence that describes the meaning of | GB 3.5)° . 


this ordered pair. 





2 3, 34 
Minutes 





APPLYING THE CONCEPTS 


45. Explain what the graph of an equation represents. 


,a46. Explain why you cannot graph the equation 4x + 3y = 0 by using just 
its intercepts. 
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Slopes of Straight Lines 





ehes Wy 
¢)5— = To find the slope of a straight line ) wy A rags 


The graphs of y = 3x + 2 andy = a4 + 2 are shown at the left. Each graph 
crosses the y-axis at the point (0, 2), but the graphs have different slants. The 
slope of a line is a measure of the slant of the line. The symbol for slope is m. 


The slope of a line containing two points is the ratio of the change in the y 
values between the two points to the change in the x values. The line containing 
the points whose coordinates are (—1, —3) and (5, 2) is shown below. 


The change in the y values is the difference 
between the y-coordinates of the two points. 


Change in y = 2 — (-3) = 5 


The change in the x values is the difference 
between the x-coordinates of the two points. 





Change in x = 5 — (-1) = 6 


The slope of the line between the two points 
is the ratio of the change in y to the change 
in x. 


22H) 
NES 521) 


change iny _ 


_> 
726 





SI 
ope =m = A 


change in x 


In general, if P,(x,, y,) and P,(x2, v2) are two points on a line, then 
Change iny = 7, — ¥4 Change in x = x, — x, 


Using these ideas, we can state a formula for slope. 


Slope Formula 
The slope of the line containing the two points P,(x,, y;) and P,(x,, yp) is given by 


ony. 


1 
4 x, # x 
pene ; 





Frequently, the Greek letter A is used to designate the change in a variable. 
Using this notation, we can write the equations for the change in y and the 


change in x as follows: 


Change iny = Ay =y2— "1 Change inx = Ax =x, — x, 


With this notation, the slope formula is written m = 7. 
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TAKE NOTE | 
{ 
Positive slope means 
that the value of y 
_ increases as the value of 
| x increases. 


ee | 


SSH TR ERNEST 





rene 
| TAKE NOTE 


Negative slope means 

_ that the value of y 

| decreases as the value of 
| «x increases. Compare 

| this to positive slope. 

; 

vi 


races msamencscecessansraand 


‘rica COORL CONROE NSS Een enssmeenOnNtees seen acaststedh 


»> Find the slope of the line containing the points 
whose coordinates are (—2, 0) and (4, 5). 


Let P,; = (—2, 0) and P, = (4, 5). (It does not 
matter which point is named P, or P,; the slope 
will be the same.) 

Jota ani WS ae aber) 

A line that slants upward to the right always has a 
positive slope. 


=» Find the slope of the line containing the points 
whose coordinates are (—3, 4) and (4, 2). 


Let?) = (—3,.4) and Py = (4, 2), 





Voy; 2-4 =2 2 
m= SS  —— = S_ 
Gee eo 8) 7 Ji 


A line that slants downward to the right always 
has a negative slope. 


"» Find the slope of the line containing the points 
whose coordinates are (—2, 2) and (4, 2). 


Let P= (—2, 2) and-P, = (4,2). 


aa et Ph oat 
Ki Nee (= 2) 6 


A horizontal line has zero slope. 





WM = 


™ Find the slope of the line containing the points 
whose coordinates are (1, = 2 each clens 


LetPras (e2) andyP a (1. 8), 
= 2 1 ee Ora 


w= 


Oy aie 1-1 0 number 


The slope of a vertical line is undefined. 





Positive slope 








Negative slope 





Undefined 
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m omplicated 
sion of the distance-rate 
problem at the right. 


You may be familiar with 
twirling a ball on the end of a 
string. If you release the string, 
the ball flies off in a path as 
shown below. 


The question that mathemati- 
cians tried to answer was 
essentially “What is the slope 
of the line represented by the 
arrow?” 


Answering questions similar to 
that led to the development of 
one aspect of calculus. 
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There are many applications of slope. Here are two possibilities. 


. The first record for the one-mile run was ‘ 
_recorded in 1865 in England. Richard 
Webster ran the mile in 4 min 36.5 s. His aver- 
age speed was approximately 19 feet per second. 








4000 180; 3420):7 
3000 J i 






2000 
1000 |. 


Distance (in feet) 


The graph at the right shows the distance Webster 
ran during that run. From the graph, note that 
after 60 s (1 min) he had traveled 1140 ft, and that 
after 180 s (3 min) he had traveled 3420 ft. 


7 (60; 1140) 


0 60 120 180 240 


Time (in seconds) 


Let the point (60, 1140) be (x,, y,) and the point 
(180, 3420) be (x), y,). The slope of the line between 
these two points is 


we oe | 
Xy— X 
_ 3420-1140 2280 | 6 
(80608) 8190 


Note that the slope of the line is the same as 
Webster's average speed, 19 feet per second. 


Average speed is related to slope. 


Here is another example, this one related to economics. 








As aresult of cheaper digital networks and r 6; 
more competition, the cost of wireless Sexo 
phone use is decreasing. The average cost per 5 Z 20 
minute in 1999 was 28¢. The projected average 8 c ne 
cost in 2003 is 20¢ (Source: The Strategic so Leodunbad badd 
Group). 099 00 01 02 «03 
Year 


Let the point (1999, 28) be (x, y;) and the point 
(2003, 20) be (x,,y,). The slope of the line 
between these two points is 
i art 
x2 — 4 
wae 8 
~ 2003-1999 4 
Note that if we interpret negative slope as 
decreasing, then the slope of the line is the 
same as the rate at which the per-minute cost of 
phone use is decreasing, 2¢ per year. 


In general, any quantity that is expressed by using the word per is represented 
mathematically as slope. In the first example, the slope was 19 feet per second. 
In the second example, the slope was —2¢ per year. 
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Example 1 i You Try It 1 bas 
Find the slope of the line containing the points Find the slope of the line containing the points 
(25=5)'and (—4,.2). (4, —3) and (2, 7). 

Solution Your solution 


Let P, = (2, —5) and P, = (—4, 2). 
Viens — (r-5) ee 


Mn = SO OFS = 


; ii 
The slope is ar? ee 
Example 2 © You Try It 2 
Find the slope of the line containing the points Find the slope of the line containing the points 
(—3, 4) and (5, 4). : (6,1) and(6)7). 
Solution Your solution 


bet P= {— 3, 4) and P, = (3; 4); 
PKs ie aaa Ge 0 





mm = CU = => — = 0 
ame ea (5). +6 
The slope of the line is zero. 
‘ae 3 ie Try It 3 

The graph below shows the relationship The graph below shows the decrease in the 
between the cost of an item and the sales tax. value of a printing press for a period of 
Find the slope of the line between the two 6 years. Find the slope of the line between the 
points shown on the graph. Write a sentence two points shown on the graph. Write a 
that states the meaning of the slope. sentence that states the meaning of the slope. 

per. #& 70} 
g§ o | ASS. S 60}: 
2 2% 50} 
ra % 4 ered 4 a 40 ip 
25 = 3 30} 

[aa eae: = 20} 
0 20 40 60 80 100 é 10); 
Cost of purchase L 1 D3 LR eR 
(in dollars) : 
Age (in years) 

Solution Your solution 

3,25 3:50 

15. 50 
Pele 
25 se 
= 0.07 


A slope of 0.07 means that the sales tax is $.07 
per dollar. 


Solutions on p. S12 
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Objective B To graph a line using the 


slope and the y-intercept 





Recall that we can find the y-intercept of a linear equation by letting x = 0. 


=> Find the y-intercept of y = 3x + 4. 
ee A= (0) 44 © Letx=0. 
The y-intercept is (0, 4). 


For any equation of the form y = mx + b, the y-intercept is (0, b). 


2 
The graph of the equation y = ae 1 is shown at 
the right. The points (—3, —1) and (3, 3) are on the 
graph. The slope of the line between the two points is 


Se (=1Ly Al eZ 
el SSS TE Soe 


3-(-3) 6° 3 
Observe that the slope of the line is the coeffi- 





: : : 2 
cient of x in the equation y = 5x + 1. 


Slope-Intercept Form of a Straight Line 
An equation of the form y = mx + bis called the slope-intercept form of a straight line. 


The slope of the line is m, the coefficient of x. The y-intercept is (0, b), where b is the con- 
stant term of the equation. 





The following equations are written in slope-intercept form. 


Gy ee de aa, Slope = 2, y-intercept = (0, —3) 

Wee eet Boma Slope = —1 (—x = —1x), y-intercept = (0, 2) 
1 

y= > Slope = 5 y-intercept = (0, 0) 


When the equation of a straight line is in the form y = mx + b, the graph can 
be drawn by using the slope and the y-intercept. First locate the y-intercept. 
Use the slope to find a second point on the line. Then draw a line through the 


two points. 


=> Graph y = 4 — 4 by using the slope and y-intercept. 


The slope is the coefficient of x: 





vy 
SY 5 change iny 
TAKE NOTE i i) SS = = 
EE eee eee 3. change inx 
a When graphing a line by i 
using its slope and — The y-intercept is (0, —4). 
-y-intercept, always start — 
atthe y-intercept. Beginning at the y-intercept (0, —4), move —— —S rh ss 


(change in y). 





The point whose coordinates are (3, 1) is a sec- 
ond point on the graph. Draw a line through 
the points (0, —4) anid(3, 1). 





right 3 


XQ 
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Graph y = 2x — 3. 
y-intercept = (0, b) = (0, —3) 


2 change iny 

1 change in x 
Beginning at the y-intercept, move right 
| unit (change in x) and then up 2 units 
(change in y). 


(1, —1) is a second point on the graph. 





Draw a line through the two points (0, —3) 


and (1, —1). 
Example 4 You Try It 4 
Graph y = —Sx + 1 by using the Graph y = ix — 1 by using the slope and 
slope and y-intercept. y-intercept. 
Solution y-intercept = (0, b) = (0, 1) Your solution 
ees 
3 3 





“Example 5 Graph 2x — 3y = 6 by using the lYou Try It 5 Graph x — 2y = 4 by one ae has 
slope and y-intercept. slope and y-intercept. 


Solution Solve the equation for y. Your solution 
22) (3y = 6 
—3y' = =2x +6 


2. 
A 


y-intercept = (0, —2);m = . 





Solutions on p. S12 
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Objective A 


1. 


10. 


£3. 


16. 


4.4 Exercises 


Find the slope of the line containing the points. 
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ae 1) Peeps) 8P, (5,1) Lh ROS) 
Pia, — 2); F2(1, 4) 5. P,(-1, 3), P,(—4, 5) 6. P,(-1, —2), P,(—3, 2) 
P,(0, 3), P,(4, 0) 8. P,(—2, 0), P,(0, 3) 9. P,(2, 4), P,(2, -2) 
P,(4, 1), P,(4, —3) 11. P,(2, 5), P,(—3, —2) 12. P,(4, 1), P,(-1, =2) 
PO.3), 1, 3) 14. P,(3, 4), P,(0, 4) 15. P,(0, 4), P,(-2, 5) 
P,(—2, 3), P,(—2, 5) 17. P,(—3, -1), P,(-3, 4) 18. P,(—2, —5), P,(—4, -1) 


The graph below shows the relationship ©, 20. 
between the distance traveled by a motorist 

and the time of travel. Find the slope of the 

line between the two points shown on the 

graph. Write a sentence that states the mean- 

ing of the slope. 


Distance (in miles) 





il 


Time (in hours) 


The graph below shows the number of peo- 
ple subscribing to a sports magazine whose 
popularity is increasing. Find the slope of 
the line between the two points shown on 
the graph. What is the meaning of the slope? 


\o 
So 
oO 





J 
S 
oO 


Number of 
subscriptions 
Ul 

=) 

So 

een Perrehcees! ‘ 

omar S 

oo 

S 


(in thousands) 





242 


@21. 

















gas in the tank of a car decreases as the car 
is driven. Find the slope of the line. Write a 
sentence that states the meaning of the slope. 


iS) 


Amount of gas in tank 
(in gallons) 





0 100 


200 
Distance driven (in miles) 


300 


The graph below shows the relationship 
between the distance and the time for the 
5000-meter run for the world record by Said 
Aouita in 1987. Find the slope of the line 
between the two points shown on the graph. 
Write a sentence that states the meaning of 
the slope. 


5000 |-- 


2500 


Distance (in meters) 





0 1297 


Time (in minutes) 


for a wheelchair ramp must not exceed =. 


the ground meet the requirements of ANSI? 


Objective B 






tion of a straight line. 


28. 
does not. 


29. 
of the lines be the same? If not, give an example. 


The graph below shows how the amount of @ 22. 


@ 


25. Does a ramp that is 6 in. high and spans a distance of 5 ft along the = 
ground meet the requirements of ANSI? 
26. Does a ramp that is 12 in. high and spans a distance of 170 in. along 


% _,27. Explain why y = mx + b is called the slope-intercept form of the equa- 


Chapter 4 / Linear Equations and Inequalities in Two Variables 


The troposphere extends from Earth’s sur- 
face to an elevation of about 11 km. The 
graph below shows the decrease in its tem- 
perature as altitude increases. Find the slope 
of the line. Write a sentence that states the 
meaning of the slope. 





Le ieee 
BwWN 
So o oo S& 


Temperature (Celsius) 
wo 
Oo 





Altitude (in kilometers) 


The graph below shows the relationship 
between the distance and the time for the 
10,000-meter run for the world record by 
Arturo Barrios in 1989. Find the slope of the 
line between the two points shown on the 
graph. Write a sentence that states the mean- 
ing of the slope. 


(27.14, 10,000) 
10,000 fo . 


5000 }- 


Distance (in meters) 





#—__________@ » 
0 27.14 


Time (in minutes) 


Q The American National Standards Institute (ANSI) states that the slope 





ree ELI 


Do all straight lines have a y-intercept? If not, give an example of one that ‘°: 


If two lines have the same slope and the same y-intercept, must the graphs 
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Graph by using the slope and y-intercept. 


30. y=3x+1 31° 





y= =—2x — | 
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42. 3x —4y = 12 43. 5x — 2y = 10 








APPLYING THE CONCEPTS 


45. Match each equation with its graph. 


Ik y=-2x+4 A. ~ B. bs 
li. y=2x-4 
tii. y =2 ¥ 
iv. 2x + 4y=0 
eed 

v. == 

athe 
A 1 D. y E. y 
Br ya 


46. Complete the sentences. 


a. If a line has a slope of 2, then the value of y increases/decreases by 
as the value of x increases by 1. 


b. If a line has a slope of —3, then the value of y increases/decreases by . 


as the value of x increases by 1. 

c. If a line has a slope of —2, then the value of y increases/decreases by 
as the value of x decreases by 1. 

d. If a line has a slope of 3, then the value of y increases/decreases by 
as the value of x decreases by 1. 


Determine the value of k such that the points whose coordinates are given 
below lie on the same line. 


47. (3, 2), (4, 6), (5, k) GAebi Mees 65k IRE SD) 


49. (k, 1), (0, 1), 2, —2) 50. (4, —-1), G, -4), (& 4) 
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Objective A 
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Finding Equations of Lines 


To find the equation of aline — vioco.. the 
givenapoint andthe slope [a9) © > 






When the slope of a line and a point on the line are known, the equation of the 

line can be determined. If the particular point is the y-intercept, use the slope- 

intercept form, y = mx + b, to find the equation. 

=> Find the equation of the line that contains the point (0, 3) and has slope > 
The known point is the y-intercept, (0, 3). 


y=mx +b ¢ Use the slope-intercept form. 


y= a +3 ¢ Replace mwith 5 the given slope. 


Replace b with 3, the y-coordinate of the y-intercept. 


: : : : 1 
The equation of the line is y = 5x tT 3. 


One method of finding the equation of a line when the slope and any point on 
the line are known involves using the point-slope formula. This formula is 
derived from the formula for the slope of a line as follows. 


Let (x,, y,) be the given point on the line, and let (x, y) be any other point on the 
line. See the graph at the left. 


Vi saga 





=m e Use the formula for the slope of a line. 
3, es xy 
mess Gt) = me, — Ky) ¢ Multiply each side by (x — x,). 
yy, = mx — x) ¢ Simplify. 


Point-Slope Formula 
Let mbe the slope of a line, and let (x,, y,) be the coordinates of a point on the line. The 


equation of the line can be found from the point-slope formula: 


y— yy, = mx — x,) 





=> Find the equation of the line that contains the point whose coordinates are 


(4, —1) and has slope =. 


v= y, Ne — 0) ¢ Use the point-slope formula. 
3) 3 
si (-1)= (Fla e m= 4 UG) = ew) 
3 ee 
yo l= Te +3 e Simplify. 
— ae ae ¢ Write the equation in the form y = mx + b. 
: § 
The equation of the line is y = —3x + Ds 


\ 


246 Chapter 4 / Linear Equations and Inequalities in Two Variables 


™ Find the equation of the line that passes through 
the point whose coordinates are (4, 3) and whose 
slope is undefined. 


Because the slope is undefined, the point-slope 
formula cannot be used to find the equation. 
Instead, recall that when the slope is undefined, 
the line is vertical and that the equation of a verti- 
cal line is x = a, where a is the x-coordinate of the 
x-intercept. Because the line is vertical and passes 
through (4, 3), the x-intercept is (4, 0). The equa- 
tion of the line is x = 4. = 





fi SiPieisicejo belt sisisiein)eis)€/01e 6 e:916;«'s/0)s\9\e'e'sle,0\8is\« alsie/s\eia.ele's|a)sia\e\siele/e(sis\eie\c's\o\a\eieie'e,e's\a a\sinie\e ele se PM sie'eieia's s(eiele's sie.e sianleisaisisip cigeieie ole dinette dpe een viacmeet econ cenaene ee cancer tnteenene 


Example 1 "You Try It 1 
Find the equation of the line that contains the Find the equation of the line that contains the 


point (3, 0) and has slope —4. point (—3, —2) and has slope -3. 


Solution Your solution 
(Aah == —4 GR y) = GC} 0) 
Py, = me X,) 
y —-0= -4(@ — 3) 
eee ae oh) 


The equation of the line is y = —4x + 12. 


q.. tate SIE EEOC UCCIOOOOC OCT OC CUOUOO OD COCO CUOUOCO ORICON OICUCOOCICTOOCOOOOCORONOCHORG . Pewee eeeeeacerrersessserereeresseseceeseeeceeoseseeeS 

“Example 2 You Try It 2 
Find the equation of the line that contains the Find the equation of the line that contains the 
point (—2, 4) and has slope 2. point (4, —3) and has slope —3. 
Solution Your solution 


m=2 (x,, ¥,) = (—2, 4) 

Cy = 1 4;) 

Viet eX (= 2) 

y=—4=2 + 2) 

y-4=2x4+4 
y=2x+8 


The equation of the line is y = 2x + 8. 


Solutions on p. S12 





= o> . s : eats sated 
Objective B To find the equation of a line given two points CD. S> LY 
: TUTOR WEB SSM 


The point-slope formula and the formula for slope are used to find the equation 
of a line when two points are known. 
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=» Find the equation of the line containing the points (3, 2) and (—5, 6). 


To use the point-slope formula, we must know the slope. Use the formula for 
slope to determine the slope of the line between the two given points. Let 
(%1, 91) = (3, 2) and (x, y.) = (-5, 6). 


Sa G2 4 1 


W1 SOO ES eermOmmWWWWWRH>> ira ss — — 
Mom hike =e) = 8 ?} 
Now use the point-slope formula with m = 5 and (x,, y,) = (3, 2). 
Ve Vy = 17x — 21) © Use the point-slope formula. 
1 1 
y-2=(—S\e-9) ° m= —5. (Xu hy) = (3.2) 
eo Se © Simplif 
5 5 5 implify. 
ye seen 
2 
I 7 
The equation of the line is y = eS 
iesernple 3 | HYou Try It 3 
Find the equation of the line containing the Find the equation of the line containing the 
points (2, 3) and (4, 1). points (2, 0) and (5, 3). 
Solution Your solution 
Let (x,, y,) = (2, 3) and (3, y,) = (4, 1). 
oon ae 
yy, = mx — x) 
go 1X = 2) 
4 a ge eaaien anmee 2 
ae ae) 
The equation of the line is y = —x + 5. 
ae ie 8 opr ee TAIN fe ey 
Find the equation of the line containing the Find the equation of the line containing the 
points (2, —3) and (2, 53: points (2, 3) and (—5, 3). 
Solution Your solution 


Let (,,y,) = 2, -3) and (x,y) = (2, 5). 
ey et oe 8 





The slope is undefined, so the graph of the line 
is vertical. 


(=< 


The equation of the line is x = 2. 


Solutions on p. S12 
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m wWhy 
TUTOR WEB SSM 





aes 5 Ke Try It 5 
On the basis of data from the Kelley Blue A manufacturer of pickup trucks has 
Book, the value of a certain car decreases determined that 40,000 trucks per month can 
approximately $250 per month. The value of be sold at a price of $18,000. At a price of 
the car 2 years after it was purchased was $17,500, the number of trucks that can be sold 
$14,000. Find a linear equation that models the per month increases to 44,000. Find a linear 
value of the car after x months of ownership. equation that models the‘number of trucks that 
Use the equation to find the value of the car can be sold at a given price. Use the equation 
after 3 years of ownership. to predict the number of trucks that can be 


sold at a price of $16,500. 


Strategy Your strategy 

° To find a linear equation that models the 
value of the car: 
Let y represent the value of the car after 
x months. 
Then y = 14,000 when x = 24. (Note: x 
represents months of ownership. Convert 
2 years to 24 months.) 
The car is decreasing in value at a rate of 
$250 per month. Therefore, the slope is 
= 250 
Use the point-slope formula to write the 
linear equation. 

° To find the value of the car after 3 years, 
substitute 36 for x, and solve for y. (Note: 
3 years is 36 months.) 


Solution Your solution 
Vi Xs) 
y — 14,000 = —250(x — 24) ® m= —250 
y — 14,000 = —250x + 6000 (x,, y,) = (24, 14,000) 
y = —250x + 20,000 


A linear equation that models the value of the 
car after x months of ownership is 
v= —250x + 20,000. 


y = —250x + 20,000 

y = —250(36) + 20,000 

y = —9000 + 20,000 

y = 11,000 , ae 


The value of the car after 3 years of ownership 
is $11,000. 


Solution on p. S13 
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4.5 Exercises 







Objective A 


1. Explain how to find the equation of a line given its slope and its 
y-intercept. 


©, 2. What is the point-slope formula and how is it used? 


Find the equation of the line that contains the given point and has the given slope. 


1 


32 Point(0/;5),m = 2 4. Point (0, 3),m=1 5. Point (2, 3),m = 5 
625 Point (=1,2),i0,— —3 Zs Point<=223), m= ; 8. Point (—2, 1),m= ; 
9. Point (3, 0),m = —2 10. Point (—2, 0), m =$ 11. Point (2, 3),m=-3 


12. Point (4, —2), m = : 13. Point (—1, 7),m = —3 14. Point (—2, 4),m = —4 
15. Point (3, 1), m= 16, Point (5, -3),m=—= 17. Point (0, 0), m = 
18. Point (0, 0), m= 19. Point (2, —3),m=3 20. Point (4, -5), m =2 
21. Point (3, 5), m=—% 22. Point (5, 1),m=~3 23. Point (0, —3),m=—1 
24. Point (2, 3),m = 3 25. Point (1, -4),m=2 26. Point (3, 5), m= —> 
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27. 


30. 


33. 


36. 


Objective B 


Bo. 


42. 


45. 


48. 


51. 


Chapter 4/ Linear Equations and Inequalities in Two Variables 


Point (4, -1),m = -: 


Point (—2, 5), slope is 
undefined 


Point (—2, —3),m =0 


Point (375). — 3 





(OR2)50335) 


(On 2) (3, 4) 


(253) (3,72) 


(ore) 


(35e-1)) 2a) 


28. 


SL, 


34. 


Wi 


40. 


43. 


46. 


49. 


52. 


Point (—3, 5); is “4 


Point (5, -1), m =: 


Poink(—3-—2), 77 —"0 


Point (—5, —1), slope is 
undefined 


Find the equation of the line that contains the given points. 


(0, 4), (1, 5) 


(273) (45 0) 


(1) (22) 


(O73) (2,0) 


(23; 25) 1 G475) 


29. 


32. 


53: 


38. 


41. 


44. 


47. 


50. 


53; 


Point (3, —4), slope is 
undefined 


Point (—3, -2), m= g 


Point (4, —5), m = —2 


Point (0, 4), slope is 
undefined 


(OF = 3) (45) 


(4, 1), (6, 3) 


(2,1) 


(0, 4), (2, 0) 


1 A 
‘ 


(= 28-8), isi?) 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 











54. 


oie 


60. 


63. 


66. 


69. 


723 


- Objective C 


ier 


76. 


APD 3722) 
(2, 3), (S, —5) 
(0, 4), (—2, 0) 
(0, 0), (4, 3) 

Ce 2 1) 
Cae (=2; —3) 
(4, 5), (—4, 3) 





The pilot of a Boeing 747 jet takes off from Boston’s Logan Airport, which 
is at sea level, and climbs to a cruising altitude of 32,000 ft at a constant 
rate of 1200 ft/min. Write a linear equation for the height of the plane in 
terms of the time after takeoff. Use your equation to find the height of the 
plane 11 min after takeoff. 


The price of a new 
sumer group, the value of the motorcycle will be 
a linear equation that gives the value of the motorcycle in terms of its age. 


Application Problems 


55: 


58. 


61. 


64. 


67. 


70. 


ds: 


(—2, 3), (2, -1) 


(7, 2), (4, 4) 


Gir 4)y(=2)'=4) 


(24) 73),,(0;.0) 


G2n5)e(G2 a5) 


(a3 2) Lies) 


(693); G70) 
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56. 


59. 


62. 


65. 


68. 


71. 


74. 


motorcycle this year is $18,000. According to a con- 
$7200 in 6 years. Write 


Use the equation to find the value of the motorcycle in 4 years. 


(2 833), 2p 12) 


(2; O}F(0; 1) 


(38) tees) 


QaalAle,2) 


G22)5C 4) 


(Fee) 


(=5),.0), (LOR) 


252 


77. The gas tank of a certain car contains 16 gal when the driver of the car 


78. 


Chapter 4 / Linear Equations and Inequalities in Two Variables 


begins a trip. Each mile driven by the driver decreases the amount of gas 
in the tank by 0.032 gal. Write a linear equation for the number of gallons 
of gas in the tank in terms of the number of miles driven. Use your equa- 
tion to find the number of gallons in the tank after this driver has driven 
150 mi. 


A jogger running at 9 mph burns approximately 14 calories per minute. 
Write a linear equation for the number of calories burned by the jogger in 
terms of the number of minutes run. Use your equation to find the num 
ber of calories one has burned after jogging for 32 min. 


APPLYING THE CONCEPTS 





4 79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


Explain the similarities and differences between the point-slope formula 
and the slope-intercept form of a straight line. 


Explain why the point-slope formula cannot be used to find the equation 
of a line that is parallel to the y-axis. 


Refer to Example 5 in this section for each of the following. 

a. Explain the meaning of the slope of the graph of the linear function. 
b. Explain the meaning of the y-intercept. 

c. Explain the meaning of the x-intercept. 


For an equation of the form y = mx + b, how does the graph of this equa- 
tion change if the value of b changes and the value of m remains constant? 


A line contains the points (—3, 6) and (6, 0). Find the coordinates of three 
other points that are on this line. 


\ 


A line contains the points (4, —1) and (2, 1). Find the coordinates of three 


other points that are on this line. 


Given that f is a linear function for which f(1) = 3 and f(—1) = 5, deter- 
mine f (4). 


Given that f is a linear function for which f(—3) = 2 and f(2) = 7, deter- 
mine f(0). 


Find the equation of the line that passes through the midpoint of the line 
segment between P,(2, 5) and P,(—4, 1) and has slope —2: 


‘ 
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Parallel and Perpendicular Lines 
To find parallel and perpendicular lines a @ SS ey 


ie lines that have the same slope do not intersect and are called parallel 
ines. 






The slope of each of the lines at the right is -. 


The lines are parallel. 











Slopes of Parallel Lines 


Two nonvertical lines with slopes of m, and m, are parallel if and only if m, = m,. Any two 
vertical lines are parallel. 





=> Is the line containing the points (—2, 1) and (—5, —1) parallel to the line 
that contains the points (1, 0) and (4, 2)? 


Sell Slee eee 2 e Find the slope of the line through (—2, 1) and 
eareer (29) 3.7 3 (-5,-1). 
Mm, = —" = : e Find the slope of the line through (1, 0) and (4, 2). 
4 = 


Because m, = ™,, the lines are parallel. 


=> Find the equation of the line that contains the point (2, 3) and is parallel to 
the line y = xt =A 
The slope of the given line is Because parallel lines have the same slope, 


the slope of the unknown line is also by 


2, 
y ayant Ke X;) © Use the point-slope formula. 
I 1 
y —- 3 ==(% — 2) © m=-,(x, y,) = (2,3) 
2 2 
Ya =x etal © Simplify. 
Oi =m ae ¢ Write the equation in the form 


y=mx+ b. 


f nee 1 
The equation of the line is y = 5x + 2. 
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"» Find the equation of the line that contains the point (—1, 4) and is parallel to 
the line 21483 15: 


Because the lines are parallel, the slope of the unknown line is the same as the 
slope of the given line. Solve 2x — 3y = 5 for y and determine its slope. 





2x —-3y =5 
DV a= — 2h 
2 5 
at a 


The slope of the given line is = Because the lines are parallel, this is the 


slope of the unknown line. Use the point-slope ‘formula to determine the 


equation. 
Py = nx) ¢ Use the point-slope formula. 
2 2 
Vert ee aL) © m= 3 (XK) = (1,4) 
4 z ar a Simplif 
et - 
y gs implify 
2 14 . eee 
y= Ae + =r ¢ Write the equation in the form y = mx + Bb. 
: Sree 2 14 
The equation of the line is y = 3% a3 ae 


Two lines that intersect at right angles are 
perpendicular lines. 


Any horizontal line is perpendicular to any 
vertical line. For example, x = 3 is perpen- 
dicular to y = —2. 








Slopes of Perpendicular Lines 





If m, and m, are the slopes of two lines, neither of which is vertical, then the lines are per- 
pendicular if and only if m, - m, = —1. 






A vertical line is perpendicular to a horizontal line. 





1 ; 
Solving m, -m, = —1 for m, gives m, = pron re This last equation states that the 
2 


slopes of perpendicular lines are negative reciprocals of each other. 


™ Is the line that contains the points (4, 2) and (—2, 5) perpendicular to the line 
that contains the points (—4, 3) and (—3, 5)? 


4! 





et ee bs 
m, = PON = ae = a ¢ Find the slope of the line through (4, 2) and (—2, 5). 
5 = 3 72 : : 
My Sw Aiay = x 2 © Find the slope of the line through (—4, 3) and (—3, 5). 
1 
m,:m,= —5 (2) aS | * Find the product of the two slopes. 
Because m, -m, = —1, the lines are perpendicular. 
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=> Are the graphs of the equations 3x + 4y = 8 and 8x + 6y = 5 perpendicular? 


To determine whether the lines are perpendicular, solve each equation for y 


and find the slope of each line. Then use the equation m, -m, = —1. 
Bue ay 8 8x + 6y =5 
A4y = -3x + 8 6y = —8x +5 
4 ee see ya ogee er ar Tc 


nvm (8 


Because m, -m, = 1 # —1, the lines are not perpendicular. 


=> Find the equation of the line that contains the point (—2, 1) and is perpen- 
dicular to the line y = x ip 2, 


The slope of the given line is -$. The slope of the line perpendicular to the 


' : < P : 2 : Fes, 
given line is the negative reciprocal of =e which is 5. 


2 

y—y, =m — x,) e Use the point-slope formula. 

3 
ae! cies) ° m= 5, (xy 4) = (-2.1) 

: 
ia ese ¢ Write in the form y = mx + b. 

3 

ea + 4 


: Aa Re 3 
The equation of the perpendicular line is y = 5x + 4. 


=> Find the equation of the line that contains the point (3, —4) and is perpen- 
dicular to the line 2x — y = —3. 


Luinty = =3 e Find the slope of the given line. 
y= )X 3 
y= 2x +3 © The slope is 2. The slope of the line 


perpendicular to this line is — 7 


y —y, = m(x — x,) © Use the point-slope formula. 
1 
a (es Fe - 3) © m= —5, (XK) = (3, 4) 
1 3 pee 
SSS) PS e Write in the form y = mx + b. 
y+ 4 yet 5 
pg ey 2: 
ee 
, : i 5 
The equation of the perpendicular ILE 1s ya 
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Example 1 ps Try It 1 
Is the line that contains the points (—4, 2) and Is the line that contains the points (253) 
(1, 6) parallel to the line that contains the and (7, 1) perpendicular to the line that 
points (2, —4) and (7, 0)? contains the points (4, 1) and (6, —5)? 
Solution Your solution 
sige Oise Pe 
'-1+(-4) 5 
eG Bs 
ey oe 8 pags 
7 4 
=m, =— 
1 2 5 
The lines are parallel. 
re 2 You Try It 2 
Are the lines 4x — y = —2 and x + 4y = —-12 Are the lines 5x + 2y = 2 and 5x + 2y = —6 
perpendicular? parallel? 
Solution Your solution 
AX yee) 
—y = -—4x -2 
v= 4x +2 e m, = 4 
x + 4y = —-12 
4y = —x — 12 
fe 1 
ged oe Te 
m,:m,=4 =e eal 
1° M2 4 
The lines are perpendicular. 
ee fener reas 
Find the equation of the line that contains the Find the equation of the line that contains 
point (3, —1) and is parallel to the line the point (—2, 2) and is perpendicular to 
3 
pac 2, the line y = $x — 3, 
Solution Your solution 


i = 1) 


5 3 
—(-|1)=— = ® =— 
ae a3) m=>5 
9 
+1=ix-2 
iy. 2 tte, 
ae eel 
Serie 
; : ; 3 11 
The equation of the line is y = te 


Solutions on p. S13 
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4.6 Exercises 


19. 


PA We 


11. 


13. 


15. 


Le 


Objective A 


Section 4.6 / Parallel and Perpendicular Lines 


257 


Explain how to determine whether the graphs of two lines are parallel. 


Explain how to determine whether the graphs of two lines are perpen- 


dicular. 


The slope of a line is —5. What is the slope 
of any line parallel to this line? 


The slope of a line is 4. What is the slope of 
any line perpendicular to this line? 


Is the line x = —2 perpendicular to the line 
y = 3? 


Is the line x = —3 parallel to the line y = 3? 


Is the line y = oa — 4 parallel to the line 


y = Sx - 42 


Is the line y = ax — 2 perpendicular to the 


line y = 2x + 2? 


Are the lines 2x + 3y = 2 and 2x + 3y = —4 
parallel? 


Are the lines x — 4y = 2 and 4x + y = 8 per- 
pendicular? 


Is the line that contains the points (3, 2) and 
(1, 6) parallel to the line that contains the 
points (—1, 3) and (—1, —1)? 


Is the line that contains the points (—3, 2) 
and (4, —1) perpendicular to the line that 
contains the points (1, 3) and (—2, —4)? 


4. 


10. 


12: 


14. 


16. 


18. 


20. 


BP % 


The slope of a line is =. What is the slope of 


any line parallel to this line? 


The slope of a line is -:. What is the slope of 


any line perpendicular to this line? 


Is the line y = ; perpendicular to the line 
y = a-4? 


Is the line x = 4 parallel to the line x = —4? 


Is the line y = —2x + : parallel to the line 
y= 2 a 


Is the line y = 5x +3 perpendicular to the 


c 1 3 
line yi eos oe 


Are the lines 2x — 4y = 3 and 2x + 4y = —3 
parallel? 


Are the lines 4x — 3y = 2 and 4x + 3y = —7 
perpendicular? 


Is the line that contains the points (4, —3) and 
(2, 5) parallel to the line that contains the 
points (—2, —3) and (—4, 1)? 


Is the line that contains the points (—1, 2) and 
(3, 4) perpendicular to the line that contains 
the points (—1, 3) and (—4, 1)? 


258 


23. 


25. 


21: 
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Find the equation of the line containing the 
point (—2, —4) and parallel to the line 
PEGI Gy) 5 = Ap 


Find the equation of the line containing the 
point (4, 1) and perpendicular to the line 
f Se 304 


Find the equation of the line containing the 
point (—1, —3) and perpendicular to the 


24. Find the equation of the line containing 


26. 


28. 


the point (3, 2) and parallel to the line 
3x ky = 3. 


Find the equation of the line containing 
the point (2, —5) and perpendicular to the 


a) 
line y = 4. 


Sak N 


Find the equation of the line containing the 
point (—1, 3) and perpendicular to the line 


ines =a Sy, 2x + 4y = -1. 


APPLYING THE CONCEPTS 


For Exercises 29 and 30, suppose a ball is being twirled at the end of a string 
and the center of rotation is the origin of a coordinate system. If the string 
breaks, the initial path of the ball is on a line that is perpendicular to the radius 
of the circle. 


29; 


30. 


31. 


32. 


33: 


34. 


Suppose the string breaks when the ball is at the point whose coordinates 
are P(6, 3). Find the equation of the line on which the initial path lies. 


Suppose the string breaks when the ball is at the point whose coordinates 
are P(2, 8). Find the equation of the line on which the initial path lies. 


If the graphs of A,x + B,y = C, and Ax + Byy = C, are perpendicular, 


A, 5 
express > in terms of A, and B,. 
1 


If the graphs of A,x + Byy = C, and A,x + B,y = C, are parallel, express 


A 
mi in terms of A, and B,. 
I 


1 2 
The graphs of y = a 7 2-andsye= ae 5 intersect at the point 


whose coordinates are (6, —1). Find the equation of a line whose graph 
intersects the graphs of the given lines to form a right triangle. (Hint: 
There is more than one answer to this question.) 


A theorem from geometry states that a line passing through the center of 
a circle and through a point P on the circle is perpendicular to the tangent 
line at P. (See the figure at the right.) If the coordinates of P are (5, 4) and 
the coordinates of C are (3, 2), what is the equation of the tangent line? 


dD P(6, 3) 


O(0, 0) 


tangent 
line 





Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 











int of Interest 


inequalities play an 

ole in applied 

mat cs. They are used in 
a branch of mathematics called 
linear programming, which was 
developed during World War II 
to solve problems in supplying 
the Air Force with the machine 
parts necessary to keep planes 
flying. Today, its applications 
have been broadened to many 
other disciplines. 
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Graphing Linear Inequalitie 
2S Xe 


The graph of the linear equation y = x — 2 separates a plane into three sets: 






To graph an inequality in two variables 





the set of points on the line 
the set of points above the line 
the set of points below the line 


The=pointa(3a, 1); ispa,so-, y-=,x%, 12 


lution of y = x — 2. fil cact> 





i=1 
The pombe 3)0is a so! Ue oty 2 Any point above the line is a solu- 
lution"of y Sx = 12: einai ieg HOD, Oby —ee2 

Ce || 
The point'G,  1)’is"a‘so-" Sy"<"x = 2 Any point below the line is a solu- 


lution of y < x — 2. HOW ory — x* — 2: 


dees EZ 
ea ecent 
The solution set of y = x — 2 is all points on the line. The solution set of 


y > x — 2 is all points above the line. The solution set of y < x — 2 is all points 
below the line. The solution set of an inequality in two variables is a half-plane. 


The following illustrates the procedure for graphing a linear inequality. 


=> Graph the solution set of 2x + 3y = 6. 


204 Sy =O ¢ Solve the inequality for y. 
Qe — 26 1 oy = = 2k. 1.0 e Subtract 2x from each side. 
Sy = 20 0 © Simplify. 
ou < ie © Divide each side by 3. 
3 3 
2 ere 
ys mae + 2 © Simplify. 


Change the inequality to an equality and 
graph y = x + 2. If the inequality is = or 
<, the line is in the solution set and is shown 
by a solid line. If the inequality is > or <, the 
line is not a part of the solution set and is 
shown by a dotted line. 


If the inequality is > or =, shade the upper 
half-plane. If the inequality is < or S, shade 
the lower half-plane. 
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The inequality 2x + 3y S 6 can also be graphed as shown below. 


2x + 3y = 6 ¢ Change the inequality to an equality. 
2x + 3(0) = 6 ¢ Find the x- and y-intercepts of the equation. 
2x = 6 
SBP ¢ The x-intercept is (3, 0). 
2(0) + 3y = 6 
3y = 6 
y=2 ¢ The y-intercept is (0, 2). 


Graph the ordered pairs (3, 0) and (0, 2): Draw “4 
a solid line through the points because the in- 
equality is <. The point (0, 0) can be used to 
determine which region to shade. If (0, 0) is a 
solution of the inequality, then shade the region 
that includes the point (0, 0). If (0, 0) is not a 
solution of the inequality, then shade the region 
emery that does not include the point (0, 0). For this 
[ TAKE NOTE example, (0, 0) is a solution of the inequality. 





Any ordered pair is of The region that contains the point (0, 0) is 


sR SLA CAREERONE 


H 

_ the form (x, y). For the = 

point (0, 0), substitute O shaded. gamete 1 

| for x and 0 for y in the i 2(0) + 30)i=6 
inequality. ' 0=6 True 


If the line passes through point (0, 0), another point must be used to deter- 
mine which region to shade. For example, use the point (1, 0). 


It is important to note that every point in the shaded region is a solution of the 
inequality and that every solution of the inequality is a point in the shaded 
region. No point outside the shaded region is a solution of the inequality. 


eae 1 ke Try It 1 
Graph the solution set of 3x + y > —2. Graph the solution set of x — 3y <2. 
Solution Your solution 
3x 4+y > —2 
Si = 3 = 3x 2 
Sipe eaes kal 


Graph y = —3x — 2 as a dashed line. 
Shade the upper half-plane. 


y 





Solution on p. $13 
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4.7 Exercises 





Objective A 
@ 1. Whatisa half-plane? 


» | 2. Explain a method you can use to check that the graph of a linear inequal- 
ity in two variables has been shaded correctly. 


3. Is (0, 0) a solution of y > 2x — 7? 4. Is (0, 0) a solution of y < 5x + 3? 


3 
5. Is (0, 0) a solution of y Ss —x =O 6. Is (0, 0) a solution of y = —7x + 92 


Graph the solution set. 


iy ax A Se yi tS PE ins ums aes) 








10.-y = -2x-+ 4 
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17 2 fap 3 
16. v3 + ay 5 

















22. —4x + 3y < -12 23.4 20 3y= 6 24. 3x > 4yS>12 





APPLYING THE CONCEPTS 
Write the inequality given its graph. 


25% 26. 








Are there any points whose coordinates satisfy both y = x + 3 and’‘': 


1 ; : 
y = —5x + 1? If so, give the coordinates of three such points. If not, 


explain why not. 


@ 28. Are there any points whose coordinates satisfy both y =x = 1 and 


y =x + 2? If so, give the coordinates of three such points. If not, explain 
why not. 
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e Focus on Problem Solving 


Find a When you are faced with an assertion, it may be that the assertion is false. For 


instance, consider the statement “Every prime number is an odd number.” This 


assertion is false because the prime number 2 is an even number. 


Finding an example that illustrates that an assertion is false is called finding a 
counterexample. The number 2 is a counterexample to the assertion that every 
prime number is an odd number. 


If you are given an unfamiliar problem, one strategy to consider as a means of 
solving the problem is to try to find a counterexample. For each of the follow- 
ing problems, answer true if the assertion is always true. If the assertion is not 
true, answer false and give a counterexample. If there are terms used that you 
do not understand, consult a reference to find the meaning of the term. 


o—_—__e__—__- 10. 


If x is a real number, then x? is always positive. 

The product of an odd integer and an even integer is an even integer. 
If m is a positive integer, then 2m + 1 is always a positive odd integer. 
Iba y then a= y-. 


Given any three positive numbers a, b, and c, it is possible to construct a tri- 
angle whose sides have lengths a, b, and c. 


The product of two irrational numbers is an irrational number. 


If n is a positive integer greater than 2, then 1-2-3-4- +--+ -n+ lisa 
prime number. 


Draw a polygon with more than three sides. Select two different points 
inside the polygon and join the points with a line segment. The line seg- 
ment always lies completely inside the polygon. 


Let A, B, and C be three points in the plane that are not collinear. Let d, be 
the distance from A to B, and let d, be the distance from A to C. Then the 
distance between B and C is less than d, + d). 


Consider the line segment AB shown at the left. Two points, C and D,; are 
randomly selected on the line segment and three new segments are formed: 
AC, CD, and DB. The three new line segments can always be connected to 


form a triangle. 


It may not be easy to establish that an assertion is true or to find a counter- 
example to the assertion. For instance, consider the assertion that every positive 
integer greater than 3 can be written as the sum of two primes. For example, 
Ase een Ser De 2nd. Is this assertion always true? (Note: This asser- 
tion, called Goldbach’s conjecture, has never been proved, nor has a coun- 


terexample been found!) 
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G Projects and Group Activities 


Graphing Linear: A computer or graphing calculator screen is divided into pixels. There are 
Equations with a approximately 6000 to 790,000 pixels available on the screen (depending on the 
Graphing Utility computer or calculator). The greater the number of pixels, the smoother a graph 
Ay} will appear. A portion of a screen is shown at the left. Each little rectangle rep- 

resents one pixel. 





The graphing utilities that are used by computers or calculators to graph an 
equation do basically what we have shown in the text: They choose values of x 
and, for each, calculate the corresponding value of y. The pixel corresponding to 
the ordered pair is then turned on. The graph is jagged because pixels are much 
larger than the dots we draw on paper. 


The graph of y = 0.45x is shown at the left as the calculator drew it (jagged). The 


x- and y-axes have been chosen so that each pixel represents 70 of a unit. Con- 
sider the region of the graph where x = 1, 1.1, and 1.2. 


The corresponding values of y are 0.45, 0.495, and 0.54. Because the y-axis is 
in tenths, the numbers 0.45, 0.495, and 0.54 are rounded to the nearest tenth 
before plotting. Rounding 0.45, 0.495, and 0.54 to the nearest tenth results in 
0.5 for each number. Thus the ordered pairs (1, 0.45), (1.1, 0.495), and (1.2, 0.54) 
are graphed as (1, 0.5), (1.1, 0.5), and (1.2, 0.5). These points appear as three 
Pickin aan rT illuminated horizontal pixels. The graph of the line appears horizontal. However, 
| TAKE NOTE © | if you use the TRACE feature of the calculator (see the appendix), the actual 


ey coordinate for each value of x is displayed. 
_ smallest and largest Fi 


_ values of x that willbe 

| shownonthescreen. 2 

| YminandYmaxare  —- Here are the keystrokes to graph Vie 1 on a TI-83. First the equation is 
the smallest and largest _ ; ; 
values ofy that willbe | entered. Then the domain (Xmin to Xmax) and the range (Ymin to Ymax) 
shown on the screen. are entered. This is called the viewing window. By changing the keystrokes 


is Se a oe me 2 X, T, 6,2 as LealT you can graph different equations. 












[v=] [CLEAR] 2 ACT on] [=] 3 
[+] 1 window] [©] 10 

[ENTER] 10 [ENTER] 1 [ENTER] 
[©] 10 [ENTER] 10 [ENTER] 1 


1. y=2x+1 For 2x, you may enter 2 X x or just 2x. The times sign X 
1s not necessary on many graphing calculators. 

2> y= -sx =2 Use the key to enter a negative sign. 

Bie CVG i ienT6 Solve for y. Then enter the equation. 

4.0 464+ 8y= 75 You must adjust the viewing window. 


Suggestion: Xmin = —25, Xmax = ZoeNSCla 
Vmim='=35)iVanaxt=i65uVisch= 5) Sec the appendix 
for assistance. 
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Distance (in meters) 


Speed (in m/s) 


Distance (in meters) 
Nw bs 
ooo 
Boo 


100 |» 


oO 
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Graphs of Motion 


Tren ny oh 
Time (in seconds) 


1 
Time (in seconds) 


ate. 


2 3 4 


Time (in seconds) 






5 






4-100 m/s~: 


5 
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A graph can be useful in analyzing the motion of 
a body. For example, consider an airplane in 
uniform motion traveling at 100 m/s. The table 
at the right shows the distance, in meters, trav- 
eled by the plane at the end of each of five one- 
second intervals. 





These data can be graphed on a rectangular coordinate system and a straight line 
drawn through the points plotted. The travel time is shown along the horizontal 
axis, and the distance traveled by the plane is shown along the vertical axis. (Note 
that the units along the two axes are not the same length.) 


To write the equation for the line just graphed, use the coordinates of any two 
points on the line to find the slope. The y-intercept is (0, 0). 


Let (x,, y,) = (1, 100) and (,, y,) = (2, 200). y=mx +b 
peti Fadl pe 200, AK00 at so y = 100x + 0 
Nore Xs Ze y = 100x 


Note that the slope of the line, 100, is equal to the speed, 100 m/s. The slope of a 
distance-time graph represents the speed of the object. 


The distance-time graphs for two planes are shown at the left. One plane is trav- 
eling at 100 m/s, and the other is traveling at 200 m/s. The slope of the line rep- 
resenting the faster plane is greater than the slope of the line representing the 
slower plane. 


In the speed-time graph at the left, the time a plane has been flying at 100 m /s 
is shown along the horizontal axis and its speed is shown along the vertical axis. 
Because the speed is constant, the graph is a horizontal line. 


The area between the horizontal line graphed and the horizontal axis is equal to 
the distance traveled by the plane up to that time. For example, the area of the 
shaded region on the graph is 


Length - width = (3 s)(100 m/s) = 300 m 
The distance traveled by the plane in 3 s is equal to 300 m. 


1. Acar in uniform motion is traveling at 20 m/s. 

. Prepare a distance-time graph for the car forOsto5s. 
. Find the slope of the line. 

. Find the equation of the line. 

. Prepare a speed-time graph for the car forOsto5s. 

. Find the distance traveled by the car after 3 s. 


eomage 


2. One car in uniform motion is traveling at 10 m/s. A second car in uniform 
motion is traveling at 15 m/s. 

Prepare one distance-time graph for both cars for 0s to 5s. 

Find the slope of each line. 

. Find the equation of each line graphed. 

Assuming that the cars started at the same point at 0 s, find the distance 


between the cars at the end of 5 s. 


Bo op 


3. a. Ina distance-time graph, is it possible for the graph to be a horizontal 


line? 
b. What does a horizontal line reveal about the motion of the object during 


that time period? 
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Key Words 


Essential Rules 


Chapter Summary 


A rectangular coordinate system is formed by two number lines, one horizontal 
and one vertical, that intersect at the zero point of each line. A rectangular coor- 
dinate system divides the plane into four regions called quadrants. The number 
lines that make up a rectangular coordinate system are called the coordinate 
axes, or simply the axes. The origin is the point of intersection of the two coordi- 
nate axes. [p. 201] 


Every point in the plane can be identified by an ordered pair (x, y). The first num- 
ber in an ordered pair is called the abscissa or x-coordinate. The second number 
is called the ordinate or y-coordinate. The coordinates of a point are the numbers 
in the ordered pair associated with the point. |p. 201] 


A relation is any set of ordered pairs. The domain of a relation is the set of first 
coordinates of the ordered pairs. The range is the set of second coordinates of the 
ordered pairs. A function is a relation in which no two ordered pairs have the 
same first coordinate and different second coordinates. A function designated by 
f(x) is written in functional notation. The value of the function at x is f(x). 
[pp. 211-214] 


An equation of the form y = mx + b, where m is the coefficient of x and D is a 
constant, is a linear equation in two variables. m is the slope of the line, and 
(0, b) is the y-intercept. An equation of the form Ax + By = Cis also a linear equa- 
tion in two variables. A solution of a linear equation in two variables is an 
ordered pair (x, y) that makes the equation a true statement. The graph of a 
linear equation is a straight line. lap. 203, 2231 


The point at which a graph crosses the x-axis is called the x-intercept. The point 
at which a graph crosses the y-axis is called the y-intercept. [p. 227] 


The slope of a line is a measure of the slant of the line. The symbol for slope is 
m. A line that slants upward to the right has a positive slope. A line that slants 
downward to the right has a negative slope. A horizontal line has zero slope. The 
slope of a vertical line is wndefined. [pp. 235-236] 


Two lines that have the same slope do not intersect and are parallel lines. Two 
lines that intersect at right angles are perpendicular lines. [pp..253-254] 


An inequality of the form y > mx + b or Ax + By > Cis a linear inequality in two 
variables. The symbol > here could be replaced by =, <, or <. The solution set 
of an inequality in two variables is a half-plane. {p. 259) 


To find the x-intercept, let y = 0 
To find the y-intercept, let x = 0. fp. 2274 





Slope of a Linear Equation [p. 235] Slope = m = y2 1 XxX, FX, 

X5 eX 
Slope-Intercept Form y=mxe+b 
of a Straight Line [p. 239] 


Point-Slope Formula [p. 245] y= Ayala UK.) 
Slopes of Parallel Lines [p. 253] mM, =m, 
Slopes of Perpendicular Lines [p. 254] 5, mypsms = -1 


eeceeeeeceve 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


1. 


11. 


@ Chapter Review 


a. Graph the ordered pairs (—2, 4) and (3, —2). 
b. Name the abscissa of point A. 
c. Name the ordinate of point B. 





Find the x- and y-intercepts of 3x — 2y = 24. 


Graph x = —3. 





—Ix — I: 


>) 
A 
Ss) 
12) 
9 
Se 
I 





Find the slope of the line containing the 
points. (=2;,—3) anc (4° =3). 


What value of x is excluded from the domain 
2x + 1 


NL fal Cea maa 


Chapter Review 267 


2. Graph the ordered-pair solutions of 


y= -5x — 2 when x = —4, —2, 0, and 2. 








Given f(¢) =342 2, find (1): 


Graph the line that has slope -= and 
y-intercept (0, 2). 








Graph y = ax Segoe 








aM 
A 
4 
i aD) : 
ae Pix 
=4 3-230). 2 4 
-2 
—4 


Find the slope of the line containing the 
points (9, 8) and (—2, ills 
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12. 


14. 


16. 


18. 


19. 


20. 
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Graph 3x — 2y = —6. 





Determine the equation of the line that passes 15. Determine the equation of the line that passes 


through the points (—1, 3) and (2, —5). 


Find the equation of the line that contains the 17. Find the equation of the line that contains the 
ordered pair (—2, —4) and is parallel to the 
graph of 4x — 2y = 7. line y = bx - 3. 


A building contractor estimates that the cost to build a new house is 
$25,000 plus $80 for each square foot of floor space. Determine a linear 
function that will give the cost to build a house that contains a given num- 
ber of square feet. Use the model to determine the cost to build a house that 
contains 2000 ft2. 


An on-line research service charges a monthly access fee of $75 plus $.45 
per minute to use the service. An equation that represents the monthly cost 
to use this service is C = 0.45x + 75, where C is the monthly cost and x is 
the number of minutes. Graph this equation for 0 = x < 100. The point 
(50, 97.5) is on the graph. Write a sentence that describes the meaning of 
this ordered pair. 


The data in the table below show the size of a house in square feet and the 
cost to build the house. Draw a scatter diagram of these data. 





Cost (in dollars) 





Cost (in dollars) 


i 
So 
o 


un 
oO 





0 


3 
13. Graph the solution set of y < TE 


through the point (6, 1) and has slope -2. 


point (—2, —3) and is perpendicular to the 





50 100 
Minutes 


Square feet 





1000 2000 
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— Chapter Test 


1.Find the ordered-pair solution of 2. Given f(t) = t? + t, find f(2). 
2x — 3y = 15 corresponding to x = 3. 


3. The data in the table below show a reading test grade and the final exam 
grade in a history class. Draw a scatter diagram of these data. 





History score 





Leet oe Se 


Reading score 


4. Graph the ordered-pair solutions of 5. Graph y = =x am oe 
y= Sx + 1 when x = —2, 0, and 4. 





7. Graph the line that has slope 3 and 





y-intercept (0, 4). 


a 





8. Graph the solution set of y = 2x — 3. 9. Graph the solution set of 3x — 2y = 6. 


2 y 
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10. 


11. 


NP, 


13. 


15. 


17. 


19. 
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The equation for the speed of a ball that is thrown straight up with an ini- 
tial speed of 128 ft/s is v = 128 — 32t, where v is the speed of the ball after 
t seconds. Graph this equation for 0 St = 4. The point whose coordinates 
are (1, 96) is on the graph at the right. Write a sentence that describes this 
ordered pair. 


The director of a baseball school estimates that 100 students will enroll if 


the tuition is $250. For each $20 increase in tuition, 6 fewer students will 
enroll. Determine a linear function that will predict the number of students 
who will enroll at a given tuition. Use this model to predict enrollment 
when the tuition is $300. 


A car is traveling at 55 mph. The equation that describes the distance 
traveled is d = 55t. Graph this equation for 0 <t <6. The point whose 
coordinates are (4, 220) is on the graph. Write a sentence that explains 
the meaning of this ordered pair. 


Speed (in ft/s) 


‘ 


Distance (in miles) 





t 25 3 et 


Time (in seconds) 





N 
(=) 
oO 


TIO 0) fore eee re ve 








0. £23 456 
Time (in hours) 


Find the slope of the line containing the 


Find the slope of the line whose equation is 


Find the equation of the line that passes 


Find the x- and y-intercepts for 6x — 4y = 12. 14. 
points (2, —3) and (4, 1). 
Find the slope of the line containing the points 16. 
(=5, 2) and (=5, 7). 2x“ Sy ="6, 
Find the equation of the line that contains the 18. 
point (—3, {) and has slope 2 through the points (—2, 0) and (5, —2). 
Find the equation of the line that contains the 20. 


ordered pair (3, —2) and is parallel to the 
graph of y = —3x + 4, 


Find the equation of the line that contains the 
ordered pair (2, 5) and is perpendicular to the 


graph of the line y = — $x AO. 
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11. 


13. 


15. 


| Cumulative Review 


Let @{—5;- 3, —1}. For what values of x is 
the inequality x < —3 a true statement? 


Simplify: 3V45 


ab 
Evaluate when a = 
aC 





=2, pb = 3, and 
© = =A), 


Simplify: 4(—8z) 


Graph: 4<jx < —2} U {x|x > 0} 


<tt> 
a5) S48) =), Sih 0) AN 





Solve: 3x — 2(10x — 6) =x — 6 


Solvers le 4 ond s — 2.2 


Given (= ?? + (find (2). 


10. 


12. 


14. 


16. 
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Cumulative Review 


(7 
rite 50 as a decimal 


Simplityei2: —o18"= oie 2)- 


Simplity;3d = 9— 7d 


Simplify: 2(x + y) — 5(3x — y) 
Pre turds Deal 

olve: 2x — 2 = 3 
Solve: 4x — 3 < 9x + 2 


Solve: |3x — 5| <5 


Find ‘the slope of the line containing the 
points (2, —3) and (4, 1); 
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17. Graph y = 3x + 1. 18. Graphx = —4. 








19. Graph the line that has slope ; and y-inter- 20. Graph the solution set of 3x — 2y = 6. 
cepi4 On 1): 





21. Find the equation of the line that passes 22. Find the equation of the line that contains 
through the points (6, —4) and (—3, —1). the point (2, 4) and is parallel to the line 


tae 
y= 5% + 2. 


23. Two planes are 1800 mi apart and traveling toward each other. The first 
plane is traveling at twice the speed of the second plane. The planes meet 
in 3 h. Find the speed of each plane. 


24. A grocer combines coffee that costs $9 per pound with coffee that costs 


$6 per pound. How many pounds of each should be used to make 60 Ib of 
a blend that costs $8 per pound? 


25. The graph at the right shows the relationship between the cost 
of a rental house and the depreciation allowed for income tax 


50,000 
purposes. Find the slope of the line between the two points on the 40,000 
graph. Write a sentence that states the meaning of the slope. Bunce, 


20,000 


— 
So 
(=) 
i=) 
Oo 





Cost of a rental house 
(in dollars) 


“3 6 20mm teense 


Depreciation (per year) 


(=) 
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Chapter 


# Objectives 


Section 5.1 

A To solve a system of linear equations by 
graphing 

B. To solve a system of linear equations by the 
substitution method 

Section 5.2 

A To solve a system of two linear equations in 
two variables by the addition method 


B To solve a system of three linear equations 
in three variables by the addition method 


Section 5.3 


A To evaluate a determinant 


B To solve a system of equations by using 
Cramer’s Rule 


Section 5.4 


A. To solve rate-of-wind or rate-of-current 
problems 

B. To solve application problems using two 
variables 


Section 5.5 


A To graph the solution set of a system of 


linear inequalities 


le Need help? For online student resources, such as section 


i.” A ) quizzes, visit this textbook’s website at 
WEB 


, college.hmco.com/students. 


Systems of 
Linear Equations 
and Inequalities 





This surveyor is working on a construction site, using the 
tools necessary to find the area of a plot of land. When a plot 
is in the shape of a polygon, its vertices can be represented 
by rectangular coordinates. These coordinates are used in 
the surveyor's area formula to determine the area of the plot. 
Exercise 37 on page 304, which involves use of the 
surveyor's area formula, is an application of determinants. 


@eeevsees 


7 
WW 


; ‘ ‘ eevecccece 
fatareyetalet i, occcsevcennebscpausdesesandds coeo e500 cnn Tera Ee eee R EEE nT Tne TE a ETE 
‘pte 


foe 





4, and z = -2. 


Veeraror x = — 1, ¥ 


=) 


z 4, find the value of x when z 


~“ 


x + 4000) = 630 


.06(— 








\O 


2y = 


7. Graph: 3x — 








LN CS I ES RR ST hm © mew 


‘podiaser syst [Ty “Aueduiog unyyrW uoiYsnoF © 1YysLIAdog 


ay 
oe 
28 
Ero 
af 
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nn oO 
<e 
ae: 
Se ge 
ho} fel "ay 
soeenne 
SE. 
Sg 
Rx 
nN oO 
oO 
a, 
Y) 
oO 1 
| 


Two children are on their way from school to home. Carla runs half the time 


and walks half the time. James runs half the di 


tance. If Carla and James walk at the sa 


- which child arrives home first? 
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5 1 
Objective A 


Solving Systems of Linear 
Equations by Graphing and by 
the Substitution Method 


To solve a system of linear — vipc0 mm st 
TUTOR B SSM 


equations by graphing 

A system of equations is two or more equations considered 3x + 4y =7 
together. The system at the right is a system of two linear equa- 2x — 3y = 6 
tions in two variables. The graphs of the equations are straight 

lines. 





A solution of a system of equations in two variables is an ordered pair that 
is a solution of each equation of the system. 


=> Is (3, —2) a solution of the system 2x — 3y = 12 
Sey tie 





2% SV) =ol2 5x + 2y = 11 
2(3) = 3(=2) 1°12 5(3) + 2(—2).| 11 ¢ Replace x by 3 and y by —2. 
6 — (-6) 15) 4) 
ee true (Pehl <a 


Yes, because (3, —2) is a solution of each equation, it is a solution of the 
system of equations. 


A solution of a system of linear equations can be found by graphing the lines of 
the system on the same coordinate axes. Three examples of linear equations 
in two variables are shown below, along with the graphs of the equations of 
the system. 


System I System II System ITI 
x+2y=4 2x+h 3y) = 6 x—-2y=4 
24 iia 4x + 6y = —12 2x — 4y = 8 








For System I, the two lines intersect at a single point whose coordinates are 
(—2, 3). Because this point lies on both lines, it is a solution of each equation of 
the system of equations. We can check this by replacing x by —2 and y by 3. The 
check is shown at the left. The ordered pair (—2, 3) isa solution of System I. 


When the graphs of a system of equations intersect at only one point, the system 
is called an independent system of equations. System I is an independent sys- 


tem of equations. 
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System II from the previous page and the graph of 2K te BV ern O 
the equations of that system are shown again at the BX TOV al 
right. Note in this case that the graphs of the lines are 
parallel and do not intersect. Because the graphs do 
not intersect, there is no point that is on both lines. 
Therefore, the system of equations has no solution. 


When a system of equations has no solution, it is 
called an inconsistent system of equations. Sys- 
tem II is an inconsistent system of equations. 





System III from the previous page and the graph of x-2’y=4 
the equations of that system are shown again at the 2x — 4y = 8 
right. Note that the graph of x — 2y = 4 lies directly 
on top of the graph of 2x — 4y = 8. Thus the two lines 
intersect at an infinite number of points, so there are 
an infinite number of solutions of this system of 
equations. Because each equation represents the 
same set of points, the solutions of the system of 
equations can be stated by using the ordered pairs of 
either one of the equations. Therefore, we can say, 
“The solutions are the ordered pairs that satisfy 
x — 2y = 4.” Alternatively, we can solve the equation 
for y and say, “The solutions are the ordered pairs 





that satisfy y = sx — 2.” We normally state this solu- 
tion using ordered pairs. In this case, “The solutions 


are the ordered pairs (2, 5x - 2). 


When the two equations in a system of equations rep- 
resent the same line, the system is called a depen- 
dent system of equations. System III is a dependent 
system of equations. 


The above systems illustrate the three possibilities for a system 
of linear equations in two variables: 
1. The graphs intersect at one point. 


The solution of the system of equations is the ordered pair y 
(x, y) whose coordinates are the point of intersection. 


The system of equations is independent. ( 
2. The lines are parallel and never intersect. 

There is no solution of the system of equations. "3 

The system of equations is inconsistent. 


3. The graphs are the same line, and they intersect at infinitely 
many points. 


There are an infinite number of solutions of the system of 
equations. 


The system of equations is dependent. 
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aaiea camcgumnia| ™ Solve by graphing: 2x — y = 3 
The Projects and Group : 
Activities at the end of this Graph each line. 
chapter show how to use a The system of equations is dependent. 
graphing calculator to solve a Solve one of the equations for y. 
system of equations. 
24 = y = 3 
Vek tS 
y= 24 =.3 








The solutions are the ordered pairs (x, 2x — 3). 





a es hye ncaa ssucans saccckodccccsaconnnvonsescoausse Ho sansilan conan pacesqusesnecnaiey ass Okie nate seas enemente Mas dita aces 
Example 1 Solve by graphing: © You Try It 1 Solve by graphing: 

2x. = y= 3 xt+y=1 

aa Fy = 2 2x+y=0 
Solution Your soiution 

The solution is (1, —1). 
Example 2. Solve by graphing: he? Try It 2 Solve by graphing: 

2x + 3y = 6 2x + 5y = 10 

2 2 
= —— = = D 
y 3 +1 J ae 

Solution Your solution 





The lines are parallel and therefore 
do not intersect. The system of 
equations has no solution. The 
system of equations is inconsistent. 


Solutions on p. S14 
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. 
SOOTHE CHOOSE HOCH ESE O EEO EE EEE EES ESOS 
COP OHO E HEE SERED SEER DEER ODES ED LOSS O OSE MMSE EEE EOESOOEE OEE EES OSES OSEOESESES ESSE DOSER EES SESE DEO eee eseseeeeseeseseesees 


Example 3 Solve by graphing: You Try It 3 Solve by graphing: 
a ee 3x — 4y = 12 
: = a 3 
eae hLy | y=4 
Solution Your solution 





The system of equations is 
dependent. The solutions are the 


: fort ail 7 
ordered pairs (x, a 3}. 


t 


Solution on p. S14 


by the substitution method 





Objective B To solve a system of linear equations yoo Gm sx 
| aA ® SSM 


The graphical solution of a system of equations is based on approximating the 
coordinates of a point of intersection. An algebraic method called the substitu- 
tion method can be used to find an exact solution of a system of equations. In 
order for us to use the substitution method, one of the equations of the system 
must be written in terms of x or in terms of y. 


"» Solve by the substitution method: CDi aces prs.5 


(2) 4a Sy = 3 
3x ay 5 * Solve Equation (1) for y. 
(3) N= = 3h aS © This is Equation (3). 
(2) 4x + 5y = 3 ¢ This is Equation (2). 
Atcr O(=3% 4.5) 3 ¢ Equation (3) states that y= —3x + 5, 
Substitute —3x + 5 for y in Equation (2). 
An = 1544225 = 3 * Solve for x. 
alin 425.3 
=lixn= —22 
x=2 
(3) y=-3x+5 © Substitute the value of x into Equation (3) 
y= —3(2)4+5 and solve for y. ., +, 
y =O 5 ; 
Sie | 


The solution is the ordered pair Qy.—1); 





The graph of the system of equations is shown at the left. Note that the lines 


intersect at the point whose coordinates are (2, —1), the solution of the system 
of equations. 
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Solve by the substitution method: (1) 6x + 2y = 8 


(2) 3x+y=2 
3x +y =2 © We will solve Equation (2) for y. 
(3) y=-—3x+2 ¢ This is Equation (3). 
(1) 6x + 2y = 8 © This is Equation (1). 
6x + 2(—3x + 2)=8 © Equation (3) states that y= —3x + 2. 
Substitute —3x + 2 for y in Equation (1). 
6x — 6x + 4=8 © Solve for x. 
0x +4=8 
4=8 


This is not a true equation. 
The system of equations has no solution. 
The system of equations is inconsistent. 


The graph of the system of equations is shown at the left. Note that the lines 
are parallel. 





OOOO PESO eA HEHEHE SHEP EEE SSTSEEO HS EHESOOEEEEE HOES E SES ESESESSHSO OI OESESESSOSOHS| POTSEESOS EHH O DOS SESEO SES TOSSES E SHE SOSOSEHESYSIS SOSH SEH ESESSHOSHSHSODSOOOOOHESES 


Example 4 Solve by substitution: You Try It 4 Solve by substitution: 
(1) 3x —- 2y = 4 3x = 3 
ae Ay = = 3 6x + 3y = —4 
Solution Solve Equation (2) for x. Your solution 
=a ay =—3 
—x = —4y —-3 


x=4y+3 e Equation (3) 
Substitute 4y + 3 for x in 
Equation (1). 


3x —2y =4 _ © Equation (1) 
3(4y +3)-2y=4 © x=4y+3 
i2y+9-—2y=4 


l0y+9=4 
10y = —5 
oe 1 obese! 
2 a STV lel 


Substitute the value of y into 
Equation (3). 


x=4y+3 e Equation (3) 
1 RS oe 
= alte +3 = 2 
=-2+3=1 


| 1 
The solution is iL, -t). 


Solution on p. S14 
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POCO ESCO ETE HE SESH HEH HE THEO OSES EEE DEES EE ESTEE EOEHE SOE EOESO SESH EEE EOESEOEEEEE 


SOMOS ESE HE SEH SETHE EEHEEEESEEEEEEEHSE SES EHEOEE OEE EHO HEHEHE HE EOE E EEE EE EE EES : 
Me 


Example 5 Solve by substitution and graph: © You Try It 5 Solve by substitution and graph: 
3x — 3y =2 y= 24 —3 
y=xt+2 2x —- 4y =5 
Solution 34 = Sy ie Your solution 
3x S32) 2 
SSX 62 
—-6=2 





This is not a true equation. The 
lines are parallel, so the system is 
inconsistent. The system does not 
have a solution. 


era, 6 Solve by substitution and graph: Wou Try It 6 Solve by substitution and graph: 
9x + 3y =.12 6x — 3y = 6 
y= —-3x +4 2n = yd 
Solution 9x + 3y = 12 Your solution 


9x + 3(—3x4 4) 12 
On - 90 4112" 12 
12 = 12 


This is a true equation. The system 
is dependent. 





The solutions are the ordered pairs 
(Ce —3x + 4). e ‘e 


Solutions on pp. S14—S15 
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5.1 Exercises 





Objective A 


Is the ordered pair a solution of the system of equations? 


Ten (On 1); ize (21, Some (eo) AM lp = 1); 
3x — 2y = 2 xty=3 <P y= § 3x -—y =4 
x+2y=6 2x — 3y = | Li Sy 3 ie ly ==> 

Set. 3): 6.7275): 1h Gye gs. (—4, 3); 
5x — 2y = 14 3x + 2y = 16 y=2x- 8 y=2x+ 11 

x+y=8 2x — 3y = 4 y= 34— 13 y =e | 


State whether the system of equations is independent, inconsistent, or dependent. 


ves 10. 








Solve by graphing. 


ie xe + yp —-2 14. x+y=1 15.6 ex yy = 22 
x-y=4 eho = ies) x + 2y = 10 








18. x=4 


—~y=5 
16. 2x-y 3, 8h 
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19. x=4 20. x +2=0 215. 24 y= 3 
Vea! y—-1=0 x= 2.0 





22.0 4— 3y — 6 Pe as es Ye) 24. w+y=2 


25. 


28. 


y+3=0 x+y=2 =a ys 





Bie Suan 26,2 54 27. y=rx 2 
2x+y=4 y=xt+1 eG = V8 





2x + 3y = 6 29. 2 5yi= 10 30 Site ye 
ve 2 3 
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3x — 4y = 12 
5x + 4y = -12 
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Objective B 


Solve by substitution. 


34. 2x +3y=7 


we 
37. y=xt+2 
x+y=6 
40. y=4- 3x 
3n4 y= 5 
43. =2-y 
3x + 3y = 6 


46. 3x+y=4 
Ag —= sy = 1 


49. °4x-y=-5 
2x + 5y = 13 


52. 4x + 3y =0 
2x —y =0 


55. 3x+y=4 
On sy = 


| 
Ss 


32. 


26 = 3y= 6 
2x — 5y = 10 
Ey 
/X : 
a Se 
2 SAO Sew 
=2 
-4 
35. y= 
3x —2y =6 
38. x=y-2 
x + 3y =2 
41. y =2 —- 3x 
6x + 2y = 7 
44. 3x + 5y = -6 
x=5y+3 
47. x-4y=9 
Di ON aNd 
502. 30") = 
Ler Sy = =8 
53. 5x + 2y =0 
x —- 3y =0 
56s c= sy 
y= 2x +6 
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33: 2x —3y =2 
5x + 4y =5 





36. 


59: 


42. 


45. 


48. 


51. 


54. 


57. 


Xa ya 
Xp ly = 7 


x=3y +3 
2x = by 12 


p SQ + 3 
4x — 3y = | 


Bye eae 20) 
Lee sy = 2 


| 
— 
oo 


3x + 4y = 
okt 


Dk ay = 2 
6x — 3y = 6 


x=4-2y 
eee aS 
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ye 2a0+) il 59. y=2x - 8 60.7 y= Ae 
y = 5x — 19 y = 3x - 13 it Si 5h 
c= 3y +7 62. x=4y-2 63. x =3-2y 
x= 2y— ) x=6o6y+ 8 x = 5y— 10 


APPLYING THE CONCEPTS 


For what value of k does the system of equations have no solution? 


64. 


67. 


Ee) 


68. 


72. 


2X Syl 7 65. 8x — 4y=1 66. x=4y+4 
Ke oye 4 2x —ky =3 kx — 8y = 4 


The following was offered as a solution to the system of equations 


1 
(1) yrnX a2 


(2) xe 10) 


2x + 5y = 10 © This is Equation (2). 
Mets 3 s(5a + 2 110) ° Substitute > x + 2 for y. 
2k >. +10= 10 © Solve for x. 
9 
aye =0 
x=0 


At this point the student stated that because x = 0, the system of equa- 
tions has no solution. If this assertion is correct, is the system of equa- 
tions independent, dependent, or inconsistent? If the assertion is not 
correct, what is the correct solution? 


Use a graphing calculator to solve each of the following systems of equa- 
tions. Round answers to the nearest hundredth. See the Projects and 
Group Activities at the end of this chapter for assistance. 


1 
eas aoe 69. y=1.2x +2 70. y = V2x-1 71. y= 4x ~ > 
we) ae y= = 1.3% = 3 y=-V3x41 < 
NTR tae 


Write three different systems of equations: (a) one that has (—3, 5) as its 
only solution, (b) one for which there is no solution, and (c) one that is a 
dependent system of equations. ak 


When you solve a system of equations by the substitution method, how 
do you determine whether the system of equations is dependent? How do 
you determine whether the system of equations is inconsistent? 
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spe sovanssnsseenenetatas ssuareoneat aT 


ste rR a SS MO CSO ECOL SST SCE CES SEES ISLES DETTE DEED SL ELITES 


Saaccramessaarnn tee ea aces TUDE Se RE ASAE SIMO IOULIYRE TT TAR EE SET ES CREE AON ST 


TAKE NOTE 


Equation (1) states that 
5x — 3y equals 14, and 
Equation (2) states that 
2x + 3y equals —7. Thus 
adding Equations (1) 
and (2) is like adding 


14= 14 
-1=-7 


=7 Atrue equation © 


The addition method of 
solving a system of 
equations is based on 


adding the same number 


to each side of the 
equation. 


Objective a 


2 ey 
cx 
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Solving Systems of Linear 
Equations by the Addition Method 


To solve a system of two linear equations vioro.. 


in two variables by the addition method ccm9 y 






cD! 
TUTOR 





The addition method is an alternative method for solving a system of equations. 
This method is based on the Addition Property of Equations. Use the ad- 
dition method when it is not convenient to solve one equation for one variable in 
terms of the other variable. 


Note, for the system of equations at the right, the ef- 


(1) 5x — 3y = 14 
fect of adding Equation (2) to Equation (1). Because —3y 


QQ) 2 3y="S7 


and 3y are additive inverses, adding the equations results 7x + Oy =7 
in an equation with only one variable. 7x =7 
The solution of the resulting equation is the first com- 7x =7 
ponent of the ordered-pair solution of the system. x=1 
The second component is found by substituting the (1) 5x« — 3y = 14 
value of x into Equation (1) or (2) and then solving for y. 5(1) — 3y = 14 
Equation (1) is used here. 5 —3y = 14 
—3y =9 
lees 


The solution is (1, —3). 


Sometimes each equation of the system of equations must be multiplied by a 
constant so that the coefficients of one of the variables are opposites. 


=> Solve by the addition method: (1) 
(2) 


To eliminate x, multiply Equa- 
tion (1) by 2 and Equation (2) by 
—3., Note at the right how the con- 
stants are chosen. 


3x + 4y =2 
2h ie Vee 


2(3x + 4y)=2-2 
Xx 


~3(2x + 5y) = —3(-1) 


¢ The negative is used so that the 
coefficients will be opposites. 


6x + 8y =4 e 2 times Equation (1) 
—6x — 15y = 3 e —3 times Equation (2) 
= yoss |, e Add the equations. 
y=-l © Solve for y. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 
Equation (1) will be used here. 


(1) 3x + 4y = 2 
3x + 4(-1) =2 e Substitute —1 for y. 
3x —-4=2 © Solve for x. 
3x = 6 
x=2 


The solution is (2, —1). 
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Ze 1 
= Solve by the addition method: (1) 3% + Be 4 







of Babylonian 1 3 3 
rL ; , ip) = 
ities ians solving ( ) F 3 mi 

ems of equations 3600 


years ago. Here is a system of 


i the LCM of the denominators. 
equations froma: Tenn Clear fractions. Multiply each equation by the 


our modern notation): 6) 1 
A ‘ (5 ap >” = 6(4) 
ag = =) — 500 3 
1 3 3 
X — y= 1800 8|—x ——y]= 8|-=— 
(4 8° 4 
We say modern notation for ole 
many reasons. Foremost is a Soy 
the fact that using variables si 2 a i 
did not become widespread ot i has 
until the 17th century. There 6x = 18 e Eliminate y. Add the equations. 
are many other reasons, aris eregieyiey 
however. The equals sign had sgh 2 $ 
not been invented, 2 and 3 
did not look like they do today, : s : : 
antl cercufad not eVenbeen Substitute the value of x into Equation (1) and solve for y. 
considered as a possible 2 1 
number. 3% + a 4 © This is Equation (1). 
2 1 
3 (3) 57 
1 
2+=y=4 
7” 
1 
-y=2 
OS 
y=4 


The solution is (3, 4). 


Cee: Taarecrorays Mes iti : ~y= 
TAKE NOTE | Solve by the addition method Vt sia | F 3 
| The result of adding © 4 y 
_ Equations (3) and (2)is Eliminate y. Multiply Equation (1) by —2. 
0=0.Itis notx =0, — : 
sc it is not y = : daar (1) AM ar) a1 85) ¢ Multiply both sides of Equation (1) by —2. 
ereisnovariablein a! 2 he Ae : 
irs ae Prt het tem (3) an + 2y 6 © This is Equation (3). 
does not indicate that ; c : 
btu ato. . « Add Equation (3) to Equation (2). 
Rather, it indicatesa | (2) 4x — 2y = 6 
dependent system of — (3) MOE BARS e 
equations se "3 puna ae OO 
eer es Wot * This is a true equation. 


The equation 0 = 0 indicates that the system of 
equations is dependent. This means that the 
graphs of the two lines are the same. Eheretore, 
the solutions of the system of equations are the ‘'+ Seeen ha 
ordered-pair solutions of the equation of the line. : 
Solve Equation (1) for y. 





DR ot may ie 
N= 2H 4-3 
y=2x —3 


The ordered-pair solutions are (x, 2x —:3). 
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COCHS OHO OH OSES ESO eSeEEEEeeeeEeeesenesseseS See eestor oesesesecorsseseeesecsees » ee O10 Bis eis \21e #180 \0'2\8\0)0 
eee Corser ecccccccescoveseccrcseoosasee 
ED oi¢. sic Sicivivieeslscinwiettie vie 


Example 1 


Solution 


Saladin eiela nuiss| cle sale eine 6 slula'e ee ee'c.c 0 010 00,6010, 600 0.00.00 O10 0c v\v.cls oct ececicesivic cies cc.cjscsampiceciceccesccesesvecocevsce 


Example 2 


Solution 


Solve by the addition method: 
he Bi 2yewent 5 
(2)- 2x. + ay = —4 


Write Equation (1) in the form 
Ax + By =C. 


Se 2y = 2x +5 


Lely 
Solve the system: 

ta 2y =D 

2x + 3y = —4 


Eliminate x. 


52% — 2y) = —2(5) 


2x + 3y = —4 
max + 4y= —10 
2x + 3y = —4 


Add the equations. 


7y = —-14 
y=-2 
Replace y in Equation (2). 
24 + 3y = 4 
oe 3t-- 2) = -—4 
ae Ou 4 
20 2 
x=1 


The solution is (1, —2). 


Solve by the addition method: 
(1) 4x — 8y = 36 
(Aes Gy = 27 


Eliminate x. 


3(4x — 8y) = 3(36) 
—4(3x — 6y) = —4(27) 


12x — 24y = 108 
—~12x + 24y = —108 


Add the equations. 
0=0 


The system of equations is 
dependent. The solutions are 
the ordered pairs 


i 9 
%,5% —5]- 


1 You Try It 1 Solve by the addition method: 
2x4 + Syr= 6 
3x —2y = 6x > 2 


Your solution 


PTeTURES UTE eee) 


“You Try It 2 Solve by the addition method: 
2x ey = 5 
4x + 2y = 6 


Your solution 


Solutions on p. S15 
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Objective B To solve a system of three linear equations vipro. 


in three variables by the addition method 





An equation of the form Ax + By + Cz = D, where A, 
B, and C are coefficients of the variables and D is a con- 
stant, is a linear equation in three variables. Examples 
of these equations are shown at the right. x = Oy Peers 


24-1 4Y Oe =a 


Graphing an equation in three variables 
requires a third coordinate axis perpen- 
dicular to the xy-plane. The third axis 
is commonly called the z-axis. The result 
is a three-dimensional coordinate system 
called the xyz-coordinate system. To help 
visualize a three-dimensional coordinate 
system, think of a corner of a room: the 
floor is the xy-plane, one wall is the yz-plane, 
and the other wall is the xz-plane. A three- 
dimensional coordinate system is shown at 
the right. 





The graph of a point in an xyz-coordinate 
system is an ordered triple (x, y, z). Graph- 
ing an ordered triple requires three moves, 
the first along the x-axis, the second parallel 
to the y-axis, and the third parallel to the 
z-axis. The graphs of the points (—4, 2, 3) 
and (3, 4, —2) are shown at the right. 





The graph of a linear equation in three 
variables is a plane. That is, if all the solu- 
tions of a linear equation in three variables 
were plotted in an xyz-coordinate system, 
the graph would look like a large piece of 
paper extending infinitely. The graph of 
x + y + z = 3 is shown at the right. 
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There are different ways in which three planes can be oriented in an xyz- 
coordinate system. The systems of equations represented by the planes below are 


Graphs of Inconsistent Systems of Equations 


Ah 
AR 


C 


For a system of three equations in three variables to have a solution, the graphs 
of the planes must intersect at a single point, they must intersect along a com- 
mon line, or all equations must have a graph that is the same plane. These situ- 
ations are shown in the figures below. 


The three planes shown in Figure E intersect at a 
point. A system of equations represented by planes 
that intersect at a point is independent. 


Sy 
yh 


E 


An Independent System 
of Equations 


The planes shown in Figures F and G intersect along a common line. The 
system of equations represented by the planes in Figure H has a graph that is 
the same plane. The systems of equations represented by these three graphs 


are dependent. 


El 
ay | Ya 


Dependent Systems of Equations 


Just as a solution of an equation in two variables is an ordered pair (x, y), a 
solution of an equation in three variables is an ordered triple (x, y, z). For 


example, (2, 1, —3) is a solution of the equation 2x — y — 2z = 9. The ordered 
triple (1, 3, 2) is not a solution. 
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Point of Interest 


* a 
Int 1e carly 19805, Stephen 
Hoppe became interested in 
arene 
winning Monopoly strategies. 
Finding these strategies 
required solving a system that 


contained 123 equations in 
123 variables! 


A system of linear equations in three variables is shown Ge aca (0; 
at the right. A solution of a system of equations in three S56, ayume 2 mat 2 
variables is an ordered triple that is a solution of each LRA Sr Nc ea 


equation of the system. 


A system of linear equations in three variables can be solved by using the ad- 
dition method. First, eliminate one variable from any two of the given equa- 
tions. Then eliminate the same variable from any other two equations. The 
result will be a system of two equations in two variables. Solve this system by 
the addition method. 


™ Solve: (1) x 4y —Z.= 10 5 aes 
(2) 34 + 2y 4+ 2 = 4 
(3) DE IGE Mae 


Eliminate z from Equations (1) and (2) by adding the two equations. 


A+ 4y5— 7 = 10 
3x + 2yv+z2=4 
(4) 4x + 6y = 14 ¢ Add the equations. This is Equation (4). 


Eliminate z from Equations (1) and (3). Multiply Equation (1) by 2 and add 
to Equation (3). 


2x + 8y — 2z = 20 © 2 times Equation (1) 
2 OY De =] © This is Equation (3). 
(5) Ax + 5y = 13 © Add the equations. This is Equation (5). 


Using Equations (4) and (5), solve the system of two equations in two 
variables. 


(4) 4x + 6y = 14 
(5) 44+ 5y=13 


Eliminate x. Multiply Equation (5) by —1 and add to Equation (4). 


4x + 6y = 14 ¢ This is Equation (4). 
=f Sy == 13 © —1 times Equation (5) 
y=1 © Add the equations. 


Substitute the value of y into Equation (4) or Equation (5) and solve for x. 
Equation (4) is used here. 


4x + 6y = 14 © This is Equation (4). 
4m + 6(1) = 14 *y=1 
4% +6= 14 ® Solve for x. 
4x = 8 
x=2 


Substitute the value of y and the value of x into one of the equations in the 
original system. Equation (2) is used here. 


ar} 
‘ 


Sire Qian cea 


3) e821) ae 4 °x=2y=1 
6FA2 Ziei4 E 
8+z2=4 
Cred 


The solution is (2, 1, —4). 
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™ Solve: (1) 2x -3y -z=1 
(2) Rea Aye 37 == 2 
(yr 4x = 6y = 22 =5 


Eliminate x from Equations (1) and (2). 


1 Gis 9} ie eT © This is Equation (1). 
20 Sy 62 = —4. ¢ —2 times Equation (2) 
=v 77 = 3 e Add the equations. 


Eliminate x from Equations (1) and (3). 


=4x' + Oy + 22 = —2 © —2 times Equation (1) 
4x —- 6y —- 2z=5 © This is Equation (3). 
0=3 e Add the equations. 


The equation 0 = 3 is not a true equation. The system of equations is incon- 
sistent and therefore has no solution. 


=> Solve: (1) 3x —-z=—-!1 
(2) 2) 32 — 10 
(3) Set Sys gia / 


Eliminate x from Equations (1) and (3). Multiply Equation (3) by —3 and add 
to Equation (1). 


OX ee © This is Equation (1). 
= 08 SE Se ore All © —3 times Equation (3) 
(4) EP CHAE ahs e Add the equations. 


Use Equations (2) and (4) to form a system of equations in two variables. 


(2) 2y — 3z = 10 
(4) =9y 4722 = —22 


Eliminate z. Multiply Equation (2) by 2 and Equation (4) by 3. 


4y — 6z = 20 © 2 times Equation (2) 

—27y + 6z = —66 e 3 times Equation (4) 

—23y = —46 e Add the equations. 
y=2 © Solve for y. 


Substitute the value of y into Equation (2) or Equation (4) and solve for z. 
Equation (2) is used here. 


(2) 2y — 3z = 10 © This is Equation (2). 
2(2) — 3z = 10 ey=2 
4 — 3z= 10 © Solve for z. 
—3z=6 
27, 


A 


Substitute the value of z into Equation (1) and solve for x. 


(1) 30 = 2 = 1 © This is Equation (1). 
3x —(-2)=-1 ez=-2 
3x +2 = -1 e Solve for x. 
3x = -3 
x=-1 


Ticesokution 1s¢- 0, 2, 2). 
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a 


ee ewcorceseseceoe 


Example 3 


Solution 
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1 
(2) 2x+3y + 3z=4 
(3) xy ATS =O 


Eliminate y. Add 
Equations (1) and (3). 


Your solution 


3x iveh Ze el 
x+y—4z=-9 
Ax 22 = = 8 


Multiply each side of the 


; 1 
equation by Be 


(4) 2x-z=-4 


Multiply Equation (1) by 3 
and add to Equation (2). 


9x — 3y + 62 = 3 
2x + 3y + 3z = 4 
>) big o7 


Solve the system of two equations. 


(4) 2x —-z=-4 
(5) 11g O72 = 7 


Multiply Equation (4) by 9 
and add to Equation (5). 


18x — 9z = —36 


Iee Sere = 7 
29x = —29 
x=-1 


Replace x by —1 in Equation (4). 


2x -—z==4 

2(-1) -z=-4 
= 2-174 
Zi 2 
Z=2 


Replace x by —1 and z by 2 in 
Equation (3). 
x+y-4z=-9 
-1+y-4(2) = -9 
—9+y= —9 
aw) 
The solution is (—1, 0, 2). 


Solve: (1). x= wenn r Try It 3 Solves® txt=% +z =%6 


ZL SY = Zaee | 
x + 2) 2a 


Solution on p. S15 
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5.2 Exercises 






Objective A 


Solve by the addition method. 


ae yae) 2. feats 3. 3xn+y=4 
sae 2a Vi cel x+y=2 
4. x-—3y=4 De Se Py = 6: 4 = 2y— | 
x+5y=-4 x+2y=4 Bia 2yeto 
de 20+ 3y = -—1 Se oy 7 9, 3x-y=4 
x+5y=3 Zia 1Vi= "8 6x — 2y = 8 
10. x-—2y=-3 11. 207 Sy = 9 12. 8% 337 =221 
—2x + 4y = 6 4x — Ty = —16 4x + 5y = -9 
13. 4x-6y=5 14. 3x + 6y=7 15, 38x° 1b 7 
te 3 2x + 4y =5 x—2y=3 
: 
plbiogea0 2 4y = 25 17. x+3y=7 18. 2x -3y=14 
E 2x ty = 10 y=)? 5x — 6y = 32 
= 
3 
= 
fe 
s 
2 | 19. 3x +2y = 16 20. 2x — Sy = 13 21. 4x + 4y =5 
g 2x — 3y =—11 5x + 3y =17 2x — By = —5 
z 
& 
g 
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224 


25. 


28. 


31. 


34. 


S7: 


40. 


Chapter 5 / Systems of Linear Equations and Inequalities 


3x + 7y = 16 
4x — 3y =9 
Dete2y = | 
24 + 3y =-7 
i 1 
a ay 3 
oe 
3 + 2 
DT ee 
ik ee) 
PETS sey lel 
oh gk Te 
Lay 5 
ee ells ee 
ye Bie 9 
ioe near 
Dame ai 
4x — 5y = 3y + 4 


2x + 3y =2x+1 


4x — By =5 
8x + 2y = 1 


23. 


26. 


29: 


32: 


35. 


38. 


41. 


5x + 4y = 0 
3x + 7y =0 
3x + 5y = 16 
a= ly = —4 
elie de 
aes aes 
Wes ee 
2 Eb 
ee 
as 20 
3x y 3 
GE 
ia Sy va all, 
A 12 
Ae ee 
cle eye 


Dx — 2y = See | 
2x + Ty =4y + 9 


Sx + 2y = 26+ I 
2hE- 23 3x 


24. 


Lis 


30. 


33. 


36. 


39: 


42. 


3x — 4y = 0 
4x — 7y = 0 
3x — 6y = 6 
x= 3y=8 
2a plea 
ee 

yD 
—x +-—y = 
5 aes 
Ley es 
Cee e 
St Ae 
4 5 9 
3k e2y 
4 ren 
TEE ee 
4.3 Sei 
2x Sy = 5c f 


3x — 2y = 3y + 3 


3x + 3y=y+1 
x+3y=9-x 
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Objective B 


43. 


46. 


49. 


32. 


ee 


58. 


Solve by the addition method. 


6 2) | 
2y= y+ 7 = 6 
Co Sy = Zz =, 2 


Ke 2 eZ = 6 
n+ 3y +2 = 16 
Stier gi) 12 


SM ae oS 
2 aye = 


1 
2 
=x to 2y— 42> 4 


3x + 4z=5 
2y + 3z =2 
2x = Sy = 8 


II 


ZIV =z 
Me OV. Z 
Bey A 2Z 


I 
—= 
& 


4x + 5y+z=6 
2x —y + 2z =A1 
wry 1 2z — 0 
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44. 


47. 


50. 


53:3 


56. 


59) 


e-ESy tae 6 
BLE Vy =e = -2 
Oiler 2 ee zeee | 
3x +y=5 
3y -z=2 
eZ 5 


Par le ny a | 
Meeakevet 32-4! 
3x 4y = 3z = 13 


2x + 4y — 2z =3 
x + 3y +47 = 
Bo DASE AA ca 


2 


34 yr 2211 
2 y 22 — 11 


OCC ii Mast Yeo ae) 
26. VerRiZi 6 
3xn +2y+z2=4 
x—- 2y+3z=12 


45. 


48. 


51. 


54. 


57. 


60. 


24 =—ytA2z=7 
x ya g = 2 
3X = Vz =.6 


2y+z=7 
2x -Z= 
Kay = 


fg I 
By + 2z = 
3x + 4y = —10 


Ww 


I 
WW Ul 


x SV ez 
eye Sz 
2k — by = 4z 


Bx yee 2 
xe 2y 4 3713 
De OA Nays 1s) 


3x 2 t-.1BzZ 
Qa BY ZZ 
Kasay PZ 


ll 
N — © 
=) 


II 
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61. 


64. 
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34 = 2y + 3z= —4 62. 3x — 3y + 4z =6 63. (3x —ya2Z—2 
2x ty —3z2=2 4x Byi idee 10 Ax + Dyn Ta 0 
3x + 4y + 5z =8 x—-2y+3z=4 2x + 3y =52=7 
2x + 2y 4 32 = 13 65.52% = 3y 4% 7z = 0 66, ok ti3Vviske = 2 
= 30 4y —9z = 5 x + 4y —-4z=-2 3% = 2y + 47713 
DY SV ere 2 Bea 2) Foz ed 4x + 3y + 5z = 22 


Souk ‘ 


APPLYING THE CONCEPTS 


67. 


68. 


69. 


70. 


71. 


ies 





The point of intersection of the graphs of the equations Ax + 2y =2 
and 2x + By = 10 is (2, —2). Find A and B. 
The point of intersection of the graphs of the equations Ax — 4y = 9 


and 4x + By = —1 is (—1, —3). Find A and B. 


For what value of k is the system of equations dependent? 
2 
Aas a3 = 7 WE 8 Cc. aS ky 1 
4x + 6y=k y= kx i= 3 y= 2x + 2 


For what values of k is the system of equations independent? 
Auk gt Vay 7 be yaa ce, + ky = 1 
Nee rely a) ky +B tea 2D 


Given that the graphs of the equations 2x — y = 6, 3x — 4y = 4, and 
Ax — 2y = 0 all intersect at the same point, find A. 


Given that the graphs of the equations 3x — 2 ens 
and Ax + y = 8 all intersect at the same point, find A. 


Describe in your own words the process of solving a system of two 
linear equations in two variables by the addition method. 


Explain, graphically, the following situations when they are related toa‘. 
system of three linear equations in three variables. 

a. The system of equations has no solution. 

b. The system of equations has exactly one solution. 

c. The system of equations has infinitely many solutions. 
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Solving Systems of Equations by 
Using Determinants | 


Cy aX 
» S> 
eR we SSM 






To evaluate a determinant 





5 i) 
Objective A 


of Interest A matrix is a rectangular array of numbers. ee 2 4 

ratrix was first used | Each number in the matrix is called an element A=1|0 nN =e) Di 

r iatical context in of the matrix. The matrix at the right, with three 6. ees ce OE 3 
1850. The root of this word is 


rows and four columns, is called a 3 X 4 (read 
“3 by 4”) matrix. 


the Latin mater, which means 
“mother.” A matrix was thought 
of as an object from which 


Ne oth elec Srieinates. The A matrix of m rows and n columns is said to be of order m X n. The matrix 


ifeatwes (ace determinant. above has order 3 X 4. The notation a;; refers to the element of a matrix in the 
discussed below, originated ith row and the jth column. For matrix A, a,,; = —3, a3, = 6, and 4,3 = 2. 

(was born) from a matrix. 

Today, matrices are one of the A square matrix is one that has the same num- 1973 a! Ow! 
most widely used tools of ber of rows as columns. A 2 X 2 matrix and a aioe 
applied mathematics. 3 X 3 matrix are shown at the right. 3 ee i 


Associated with every square matrix is a number called its determinant. 


Determinant of x tri 

/TAKE NOTE r of a2 x 2 Matrix 
_ Note that vertical bars 
are used to represent 

_ the determinant and minant is given by the formula 
_ that parentheses are : 
used to represent the a 
_ matrix. 


4, 49 
21 492 


. The value of this deter- 


: Ranga ice 
The determinant of a 2 X 2 matrix (e a is written 
21 22 


412 


= 44,45) — aya 
1122 2zaet 
A, Ayo 





= Find the value of the determinant 





—1 4 
z g)- 3-2-4) <6 - C4) = 10 


The value of the determinant is 10. 
For a square matrix whose order is 3 X 3 or greater, the value of the determinant 
of that matrix is found by using 2 X 2 determinants. 


The minor of an element in a 3 X 3 determinant is the 2 x 2 determinant that 
is obtained by eliminating the row and column that contain that element. 


2 -3 4 
«> Find the minor of —3 for the determinant | 0 A 8i. 
—1 ay 


The minor of —3 is the 2 x 2 determinant created by eliminating the row and 
column that contain —3. 


Eliminate the row and column as shown: 
CaaS | ma 


= © NY 
WwW bh W 
Oo oo 


The minor of —3 is ee 
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TAKE NOTE 
The only difference 


| between the cofactor and 


the minor is one of sign. 
| The definition at the 
_ right can be stated 
_ symbolically as follows: 
_ If C,; is the cofactor and 
| M;; 1s the minor of the 
_ matrix element a;,, then 
| Ci a (—1) *2M,;,. Ifi +7 
_ is an even number, then 
| (-1)'+/ = 1and 
| C,; = M,.Ifi + jis an 
_ odd number, then 
| (=1)'*7 = —1 and 
| C,, = —M;;. 


irovorecarecseanecocesnccannepasatasaessannstatrsSetaesoeeatirsnenaatatsi dette ec enenteneemmnenencll 


Cofactor of an Element of a Matrix 


The cofactor of an element of a matrix is (—1)/+/times the minor of that element, where / 
is the row number of the element and / is the column number of the element. 


Sie al 
| = For the determinant |2 -—5 —4|, find the cofactor of —2 and of —5. 


| Ogos el 
Because —2 is in the first row and the second column, ¥ = 1 andj = 2. Thus 


; : 2 -4 
(—1)*7 = (—1)!** = (—1)3 = -1. The‘cotactor ot =2 is Coe 1: 





Because —5 is in the second row and the second column, i = 2 andj = 2. 


ihe ; Shiba! 
Thus (—1)#7 = (=1)2+2 = (-1)4 = 1. The cofactor of —5 isi orien 








Note from this example that the cofactor of an element is —1 times the minor of 
that element or 1 times the minor of that element, depending on whether the 
sum i + 7 is an odd or even integer. 


The value of a 3 x 3 or larger determinant can be found by expanding by cofac- 
tors of any row or any column. The result of expanding by cofactors using the 
first row of a 3 X 3 matrix is shown below. 


G1, Ayn 43 






































Gln. 16) a 
Az, Ap, G@>3| = a,,(—1)!41 bis a ape ate ee gan Cat he fie i 
postmark 32 433 31 433 31 432 
=a, Cae CO 2 Goto ra as ais O22 
432 433 a3; 433 a3; 432 
2 -3 
>» Find the value of the determinant | 1 3) lI}. 
0-2 ) 
Expand by cofactors of the first row. 
cea aes 3 - 1-1 1 
1 3 -1{= ies 3|- 34 3+ | 4 
O50) Od 


2(6 — 2) — (—3)(2 — 0) + 2(-2 — 0) 
= 24) =(#3)(2)\M 26-42) —aities (6) + (24) = 16 


To illustrate a statement made earlier, the value of this determinant will now be 
found by expanding by cofactors using the second column. 





2 3 my 1 ‘ “ ¢ 
Px il ecreagice: + 3(—17t2|7 214 (ay ppstal2 2 
ere Fire a Pe ion 2 i si 














eh Do) 
—3(-1 os 
6 | 3¢1|6 2 





+ -ay(—1)/ si 


3(2 = 0) +34 0) 2a 2) 
= 3(2) + 3(44) + 2(—4) S642 = (—8) = 10 
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Note that the value of the determinant is the same whether the first row or the 
second column is used to expand by cofactors. Any row or column can be used 
to evaluate a determinant by expanding by cofactors. 








Pore 1 Er Try It 1 
; ae yee. Bee ae 
Find the value of genes | Find the value of ; ae | 
Solution Your solution 
3 -2 
= 3(-—4) — (—2)(6) = —12 + 12 =0 
6a-A 
The value of the determinant is 0. 
eC. SOC OAT ICELS TCR RCEE aOR SECC EPATES Bec Ske ar mE ar an On De. hoe erecta. Bee AS ee 
Example 2 'You Try It 2 
=) 3 ijl ] 4 —2 
Find the value of | 4 -2 0 Find the value of |3 1 11; 
1 =2 3 Q =2 zZ 
Solution Your solution 
Expand by cofactors of the first row. 
=2 Sil 
Ar Doe () 
jar 2 3 
=e () 4 0 4 -—2 
— = + 
aes | al | i is 
= —2(-6 — 0) — 3(12 — 0) + 1(-8 + 2) 
= ~2(—6) — 3(12) + 1(-6) 
= l= 31 = 
= —30 
The value of the determinant is —30. 
eee Ee or ee ene ee bee 
0-2 1 3-2 0 
Find the value of | 1 ZN Find the value of | 1 pe en 
2 -3 4 ey ee 
Solution Your solution 
One 20 
1 At 
2 -3 4 
4 1 


| 1 4 
=o] ml De alte 4 
=0=(-2)(4—.2) + 1(-3 — 8) 
=4- {1 
=-7 


The value of the determinant is —7. 





Solutions on pp. S15-—S16 
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Objective B To solve a system of equations 





a book he published in 1750. 
However, this rule was 
published in 1683 by the 
Japanese mathematician 
Seki Kown. That publication 
occurred seven years before 
Cramer's birth. 


Wi 
VIDEQs» ned 





Se 


. 1 ; ez 
by using Cramer's Rule tee Oe 


The connection between determinants and systems of equations can be under- 
stood by solving a general system of linear equations. 


Solve: (1) a,x + Oy =, 
(2) a,x + boy =c, 


II 


Eliminate y. Multiply Equation (1) by b, and Equation (2) by —b,. 
a,b,x + b,b,y = c,b, 


° b, times Equation (1). * 
¢ —h, times Equation (2). 
Add the equations. 

CRG Ch Ore t/a) (ey (ens) 


(a,b, — a,b,)x = cb, — cyb, © Solve for x, assuming a,b, — a,b, # 0. 








aA 1D, — Cyd, 

a,b, — ayb, 
: puede) 
The denominator a,b, — a,b, is the deter- aby 4,0; =e 5: 
minant of the coefficients of x and y. This G2 p2 

° J e e 7 7 
is called the coefficient determinant. coefficients of Sac alge 
coefficients of y 

The numerator c,b, — c,b, is the determi- Eh 
Gy 405 
nant obtained by replacing the first col- c,b, — cyb, = b 
CQ ees 








umn in the coefficient determinant by the 
constants c, and c,. This is called a numer- 
ator determinant. 


constants of jO> Ssh) 


the equations 


Following a similar procedure and eliminating x, it is also possible to express the 
y-component of the solution in determinant form. These results are summarized 
in Cramer's Rule. 


Cramer’s Rule 


The solution of the system of equations ee is given by x = 


aX + by = C, 


a 5, 


c, 5, p= a, 
a, b| * 2) a Cy 


where D = a ,andD+0. 


BY 





=» Solve by using Cramer’s Rule: 3x — 2y = 1 


20 Sy 03 
= 3 —=2 ie 
D= 5 5 = 19 Find the value of the coefficient determinant. 
i a2 Sul 
Ds ; 5 | ae EY EL ; x = 7  ¢ Find the value of each of the numerator 
determinants. 
Dae ope bh! 
x= eh) To’ y= Di = To ¢ Use Cramer's Rule to write the solution. 


Litas ae, 
The solution is (= a) 
ution is (+5, 75): 
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A procedure similar to that followed for a system of two equations in two vari- 


ables can be used to extend Cramer's Rule to a system of three equations in three 
variables. 


Cramer’s Rule for a System of Three Equations in Three Variables 
ax+ byt ¢z= d, 

The solution of the system of equations a,x + b,y + c,z = d, is given by 
aX + byy + CZ = dy 


D a b C, db ¢, 


D D 
X=, y=, and z= =, where D = a, Bb, ¢)|,D,= |d, by cI, 


D D 
a 0b, C; d, Dy 3 


O60) 0, 
a, b, d,|,andD+#0. 
a, b; ds; 





— 


=™> Solve by using Cramer's Rule: 2x —y +z= 
xa 3y = 2z 
3x +y + 3z = 4 


II 
| 
N 


Find the value of the coefficient determinant. 








Zi 1 1 
D=/1 Sa = 2)" |<<); +1, Al 
3 1 See 
=-2(11) + 1(9) + 1(—8) 
2S 


Find the value of each of the numerator determinants. 


pee) 1 














Sheers = —2 3 
D=|-2 3 -2 =: S] - 9] on | 
4 ] 3 
Sait id) + 1(2) + 1(-—14) 
=-1 
Sle ; 5| 25|72 —2 Lye +1); i 
PN Se x pelea 53 8 Ze 2 
3 4 3 
= 2(2) — 19) 1(10) 
=5 
al 1 
37=2 1 133 
= Soe ae 4 
D,=|1 3 -2 2} | a), |; 1 
3 1 4 
= 2014) 1¢10)- 1(-8) 
= 30 
Use Cramer's Rule to write the solution. 
D, =! eS _D, _ 30 
= ee See ee SS ee 
D 23 D 23 D 23 


Z ; (-; 5) =} 
The solution is |— 53, 53) 33 
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3h ed i IS CEA au a, Bia), 3S LS, So ea cee ree eee ee 
Ree 4 "You Try It 4 

Solve by using Cramer's Rule: Solve by using Cramer’s Rule: 
Oa IY 85 3x -y =4 
4x — by = 4 6452 
Solution Your solution 

oo 
D= = —36 + 36=0 

4 zy 

Ds 

Because D = 0, D is undefined. wes x 


Therefore, the system is dependent or 
inconsistent. 


It is not possible to solve this system by using 
Cramer's Rule. 


VAAN SS © Oe MASS SC 810 CSC 10 019 0.016 00 010 0.6.0/0.0,0/4 0.91010 0.601 010/610 016 0\0| 0000 00/0 10)0|0)0 06 0 0. 616.0)0'S)6 00's M0 010.016 0.051956 CSCC RO Ce OCC COCO COED CSO CROSS OSE C oes eee caaesossaneeesianioaciciciee 


Solve by using Cramer’s Rule: 
34 = yy = 5 

eee Ve 2 

2x + °3y + 72 = 4 





Solution 
et ee 
jee ok oe 
pp 
Sat 
D Bdge o>, 98 
4 esse 1 
Be sc oMey 
LS eS Sew 
ees 
Pa (ae 
Davee Danes | 256 
ad eel 
ee a oO 
De see” 2 a fh. os 
eons 
Dee 38 


The solution is (1, 0, 2). 


You Try It 5 


Solve by using Cramer's Rule: 


24 — ye Zz = —1 
OX A LV 3 
wel sy zi 2 


II 


Your solution 


Solutions on p. S16 
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5.3 Exercises 






Objective A 


a 1. How do you find the value of the determinant associated with a 2 x 2 
matrix? 


e 2. What is the cofactor of a given element in a matrix? 







Evaluate the determinant. 





3. ; : ee 5:1 se=r=2 6/- 808s 
aud r7%) a i 7h 
Fela 6 8. |5 —10 9 =pe2 ie eqs 
2 4 iF aes) 30 e2a wd Dian 
vd bois4 sHebiA 2 
Aes Misltea <2 Daa 2 135)°4°2) 6 1493 oes 
(eae a 5 a Ui ait 
2 2 OM ant Qe es ip aD 2B 
Objective B 
Solve by using Cramer's Rule. 
15. 2x — 5y = 26 16. 3x + 7y =15 7 ae 18. 5x + 2y=—-5 
5x + 3y = 3 26 + Sy = 11 345 iy = 9 3x + 4y = 11 
: 
pe eto. er ay = 4 20. 5sx+4y=3 21. 2x +5y=6 22. 7x +3y=4 
z 6x — 12y = —-5 15x — 8y = —21 6x — 2y=1 5x — 4y = 9 
e 
: 
= 
36 2n F 3y.= 7 24. Ox + 6y=7 25. 2x -5y=—- 26. 8x + 7y = -3 
g 4x — 6y = 9 3x + 2y =4 3x — Ty = -3 2x + 2y=5 
© 
8 
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2: 


30. 


33. 
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298 3h Sok 
K+ 4y — 22 = 12 
2k ly = Fas 


R= 3y 2z-= 1 
20 hy 22 es 
3x = Wy + 6z ="=3 


\ ‘ 


38 = 2) 4 275 
6x + 3y™— 42.5 —3 


20 = ye 3Z = 9 BOOK cay tee seed 
x+4y+4z=5 2k Sy +e — 6 

3x -Pilysr 27015 3x = yeti 

x+2y + 3z=8 31. 4a = 2y Ge 32; 
De =13y +z = 5 3x + 4y + 2z = 1 

3x — 4y +-2z = 9 2 NPC 

5x — 4y + 2z = 4 345 24-4 ze = 7 35. 
34 = Sy + 32 = =—4 a+ Sy = Z = 1 

OX eee OE ae St 2 ye 2715 


3x —y+2z=4 


APPLYING THE CONCEPTS 


36. 


3%, 


Determine whether the following statements are always true, sometimes 

true, or never true. 

a. The determinant of a matrix is a positive number. 

b. A determinant can be evaluated by expanding about any row or col- 
umn of the matrix. 

c. Cramer's Rule can be used to solve a system of linear equations in 
three variables. 


Surveyors use a formula to find the area of a plot of land. The surveyor’s 
area formula states that if the vertices (X19), Uo; Sie ow Valor a 
simple polygon are listed counterclockwise around the perimeter, then the 
area of the polygon is 


eile JE be Jee a 
21%. 2 v2 3 va A n M1 


Use the surveyor’s area formula to find the area of the polygon with ver-. 


tices" (9%—3)," (26,6), (18)21)6, 10), and (1: 11). Measurements are 
given in feet. 


Complete. 


38. 


39: 


a. If all the elements in one row or one column of a 2 X 2 matrix are 
zeros, the value of the determinant of the matrix is : 

b. If all the elements in one row or one column of a 3 X 3 matrix are 
zeros, the value of the determinant of the matrix is 


So ge 
a. The value of the determinant |y y 5b] is 


Lee, 


b. If two columns of a 3 X 3 matrix contain identical elements, the value 
of the determinant is 
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Application Problems in Two 
Variables 


Objective A To solve rate-of-wind or oro. 









WW 
S ip. 


Motion problems that involve an object moving with or against a wind or current 
normally require two variables to solve. 


rate-of-current problems 





* A motorboat traveling with the current can go 24 mi in 2 h. Against the cur- 
rent, it takes 3 h to go the same distance. Find the rate of the motorboat in 
calm water and the rate of the current. 


GAA TOPOS SLASFASOSESASOESRELES OOS R OS ReOeeseSe as enrerese ceca 
Strategy for Solving Rate-of-Wind or Rate-of-Current Problems 


1. Choose one variable to represent the rate of the object in calm conditions and a sec- 
ond variable to represent the rate of the wind or current. Using these variables, 
express the rate of the object with and against the wind or current. Use the equation 
rt = d to write expressions for the distance traveled by the object. The results can 
be recorded in a table. 


e#eeeoeceaee2eao ees 
eseeeaoeeosesoeeoe 


SSS IUOUTIICIOLILT RCL CLOT CLL & 0 DOO LAX 


|TAKE NOTE | 
I'he boat travels faster | Rate of the boat in calm water: x 


| when it travels with the Rate of the current: y 
_ current than when it 

_ travels against the 

| current. Note that the 
_ boat’s rate is increased 
| by the rate of the 


/ current when it is 

_ traveling with the 

' current, and the boat’s 
_ rate is decreased by the | 
_ rate of the current when G.2.4.2.9,0.2.8.9,9.9.9,0,.0.29.9.2.9.9.9 9009988859 09:589.5.02.99.0.0.29998.90,9.9.99 252 2 
e 


 oveting apa! | * 2. Determine how the expressions for distance are related. 





_ the current. > 
SPOS EC PERCE Cee UCCR EE RRUE CUCCUET CERT CEORERCESCECEREVETCCTO 





The distance traveled with the current is 24 mi: 2(« + y) = 24 
The distance traveled against the current is 24 mi: 3(« — y) = 24 


=> 
ea 2(x + y) = 24 © Solve this system of equations. 
3(x — y) = 24 
<a> ete = 12 ® Divide each side of the first equation by 2. 
pe miuet there Tent xtaay = 5 ® Divide each side of the second equation by 3. 
3(x—y) = 24 
2x = 20 © Add the equations. 
Ks) © Solve the equation for x. 
nay = 12 
10+y = 12 * Replace x by 10 in the equation x + y = 12 
y=2 and solve for y. 


The rate of the boat in calm water is 10 mph. 
The rate of the current is 2 mph. 
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BB) as sv beieviovsndn Rhea ete hae ee ee ee ee a eee 
Example 1 vos Try It 1 . 

Flying with the wind, a plane flew A rowing team rowing with the current 

1000 mi in 5 h. Flying against the wind, traveled 18 mi in 2 h. Against the current, 

the plane could fly only 500 mi in the the team rowed 10 mi in 2 h. Find the rate 

same amount of time. Find the rate of of the rowing team in calm water and the 

the plane in calm air and the rate of the wind. rate of the current. 

Strategy Your strategy 


e Rate of the plane in calm air: p 
Rate of the wind: w 


Pees ae - Rate Time Distance — 
Minwind = = ptw 35 sew 


oe 


e The distance traveled with the wind is 1000 


mi. 
The distance traveled against the wind 
is 500 mi. 
Solution Your solution 
5(p + w) = 1000 
50D — W500 
p +w = 200 © Divide each side of 
p —w = 100 each equation by 5. 
2p = 300 
p = 150 
p + w = 200 
150 + w = 200 
w = 50 


The rate of the plane in calm air is 
150 mph. The rate of the wind is 50 mph. 


Solution on p. S16 


To solve application problems 


VIDEQg 
using two variables 





The application problems in this section are varieties of problems solved earlier 


in the text. Each of the strategies for the problems in this section will result in a 
system of equations. 


~ A store owner purchased twenty 60-watt light bulbs and 30 fluorescent bulbs 
for a total cost of $80. A second purchase, at the same prices, included thirty 
60-watt light bulbs and 10 fluorescent bulbs for a total cost of $50. Find the 
cost of a 60-watt bulb and that of a fluorescent bulb. 
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Fr remem mm meee r rer errrororeereeeereoeserereroesesesoreesesm 


Strategy for Solving an Application Problem in Two Variables 


1. Choose one variable to represent one of the unknown quantities and a second vari- 
; able to represent the other unknown quantity. Write numerical or variable expres- 
Mera problem from sions for all the remaining quantities. These results can be recorded in tables. 


an ancient (around 1500 B.c.) TSC ECCC CURE C DEO CCS 6 6 CTT EEE CURT CEE C SUC Ce eee een ee Ok eer RS 
Babylonian text. “There are two 


silver blocks. The sum of 4 of 
the first block and = of 


the second block is one sheqel 
(a weight). The first block 


diminished by + of its weight First purchase 
ee the second diminished 





Wecccvecce 


Cost of a 60-watt bulb: b 
Cost of a fluorescent bulb: f 


by =: = 4 OF its weight. What are 
ay eihic of the two blocks?” 





Second purchase 





Gee ES ERA SSO Seth SSS. Biel S22 5.08 82928 yt OO OS et SP Cs decay a Gece arma eae 


2. Determine a system of equations. The strategies presented in previous chapters. can 3 


be used to determine the relationships between the expressions inthe tables. = = 


Site andere cated Check bckcs iden ei TO 


The total of the first purchase was $80: 20b + 30f = 80 
The total of the second purchase was $50: 30b + 10f = 50 


Solve the system of equations:(1) _20b + 30f = 80 
(2) 30b + 10f = 50 


60b + 90f = 240 ¢ 3 times Equation (1) 
—60b — 20f = —100 © —2 times Equation (2) 
70f = 140 
f=2 
Replace f by 2 in Equation (1). Solve for b. 
: 20b + 30f = 80 
20b + 30(2) = 
20b + 60 = 80 
20b = 20 
b= 1 


The cost of a 60-watt bulb was $1.00. 
The cost of a fluorescent bulb was $2.00. 
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Example 2 

A total of 260 tickets were sold for a softball 
game. Adult tickets sold for $6 each, and 
children’s tickets sold for $2 each. If the total 
receipts were $1220, how many adult tickets 
and how many children’s tickets were sold? 


Strategy 
e Number of adult tickets sold: A 
Number of children’s tickets sold: C 





e The total number of tickets sold was 260. 
The total receipts were $1220. 


Solution 
A + C= 260 
6AEF ZC = 1220 


—2Ae-2C = 520 
6A + 2C = 1220 


4A = 700 
A = 175 
A+C = 260 
175 + C = 260 
C= 85 


There were 175 adult tickets sold. 
There were 85 children’s tickets sold. 


You Try It 2 

An investment adviser invested $15,000 in two 
accounts. One investment earned 8% annual 
simple interest. The other investment earned 
7% annual simple interest. The total interest in 
one year was $1170. How much was invested 
in each account? 


Your strategy 


Your solution 


Solution on pp. S16—S17 
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5.4 Exercises 


Objective A 





Application Problems 


A motorboat traveling with the current went 36 mi in 2 h. Against the cur- 
rent, it took 3 h to travel the same distance. Find the rate of the boat in 
calm water and the rate of the current. 


A cabin cruiser traveling with the current went 45 mi in 3 h. Against the 
current, it took 5 h to travel the same distance. Find the rate of the cabin 
cruiser in calm water and the rate of the current. 


A jet plane flying with the wind went 2200 mi in 4 h. Against the wind, the 
plane could fly only 1820 mi in the same amount of time. Find the rate of 
the plane in calm air and the rate of the wind. 


Flying with the wind, a small plane flew 300 mi in 2 h. Against the wind, 
the plane could fly only 270 mi in the same amount of time. Find the rate 
of the plane in calm air and the rate of the wind. 


A rowing team rowing with the current traveled 20 km in 2 h. Row- 
ing against the current, the team rowed 12 km in the same amount 
of time. Find the rate of the rowing team in calm water and the rate 
of the current. 


A motorboat traveling with the current went 72 km in 3 h. Against the 
current, the boat could go only 48 km in the same amount of time. 
Find the rate of the boat in calm water and the rate of the current. 


A turbo-prop plane flying with the wind flew 800 mi in 4 h. Flying against 
the wind, the plane required 5 h to travel the same distance. Find the rate 
of the wind and the rate of the plane in calm air. 


Flying with the wind, a pilot flew 600 mi between two cities in 4 h. The 
return trip against the wind took 5 h. Find the rate of the plane in calm 
air and the rate of the wind. 
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Objective B 


15. 


16. 
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A plane flying with a tailwind flew 600 mi in 5 h. Against the wind, the 
plane required 6 h to fly the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


Flying with the wind, a plane flew 720 mi in 3 h. Against the wind, the 
plane required 4 h to fly the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


A motorboat traveling with the current went 48 mi in 3 h. Against the cur- 
rent, it took 4.8 h to travel the same distance. Find the rate of the boat in 
calm water and the rate of the current. 


A plane traveling with the wind flew 3625 mi in 6.25 h. Against the wind, 
the plane required 7.25 h to fly the same distance. Find the rate of the 
plane in calm air and the rate of the wind. 


A cabin cruiser traveling with the current went 45 mi in 2.5 h. Against the 
current, the boat could go only 30 mi in the same amount of time. Find 
the rate of the cabin cruiser and the rate of the current. 


Flying with the wind, a plane flew 450 mi in 3 h. Against the wind, the 
plane could fly only 270 mi in the same amount of time. Find the rate of 
the plane in calm air and the rate of the wind. 


Application Problems 





A merchant mixed 10 lb of a cinnamon tea with 5 lb of spice tea. The 
15-pound mixture cost $40. A second mixture included 12 Ib of the cin- 
namon tea and 8 Ib of the spice tea. The 20-pound mixture cost $54. 
Find the cost per pound of the cinnamon tea and the spice tea. 


A carpenter purchased 60 ft of redwood and 80 ft of pine for a total 
cost of $286. A second purchase, at the same prices, included 100 ft of 
redwood and 60 ft of pine for a total cost of $396. Find the cost per foot 
of redwood and the cost per foot of pine. 
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A contractor buys 16 yd of nylon carpet and 20 yd of wool carpet for 
$1840. A second purchase, at the same prices, includes 18 yd of nylon 


carpet and 25 yd of wool carpet for $2200. Find the cost per yard of the 
wool carpet. 


During one month, a homeowner used 500 units of electricity and 
100 units of gas, for a total cost of $352. The next month, 400 units of elec- 
tricity and 150 units of gas were used, for a total cost of $304. Find the 
cost per unit of gas. 


A company manufactures both mountain bikes and trail bikes. The cost 
of materials for a mountain bike is $70, and the cost of materials for a 
trail bike is $50. The cost of labor to manufacture a mountain bike is $80, 
and the cost of labor to manufacture a trail bike is $40. During a week in 
which the company has budgeted $2500 for materials and $2600 for labor, 
how many mountain bikes does the company plan to manufacture? 


A company manufactures both color and black-and-white monitors. The 
cost of materials for a black-and-white monitor is $40, and the cost of 
materials for a color monitor is $160. The cost of labor to manufacture a 
black-and-white monitor is $60, and the cost of labor to manufacture a 
color monitor is $100. During a week in which the company has budgeted 
$8400 for materials and $5600 for labor, how many color monitors does 
the company plan to manufacture? 


You have a total of $5000 invested in two simple interest accounts. On one 
account, the annual simple interest rate is 6%. On the second account, the 
annual simple interest rate is 8%. The total annual interest earned in one 
year is $370. How much is invested in each account? 


Two investments earn total annual interest of $970. One investment is 
in a 7.5% annual simple interest account. The other investment is in a 
9.5% annual simple interest account. The total in the two investments is 
$12,000. How much is invested in each account? 


Two angles are complementary. The larger angle is 9° more than eight 
times the measure of the smaller angle. Find the measure of the two 
angles. (Complementary angles are two angles whose sum is 90°.) 
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Two angles are supplementary. The larger angle is 40° more than three 
times the measure of the smaller angle. Find the measure of the two 
angles. (Supplementary angles are two angles whose sum is 180°.) 


On Monday, a computer-manufacturing company sent out three ship- 
ments. The first order, which contained a bill for $114,000, was for 
4 Model II, 6 Model VI, and 10 Model [IX computers. The second ship- 
ment, which contained a bill for $72,000, was for 8 Model II, 3 Model VI, 
and 5 Model IX computers. The third shipment, which contained a bill for 
$81,000, was for 2 Model II, 9 Model VI, and 5 Model [IX computers. What 
does the manufacturer charge for each Model VI computer? 


A relief organization supplies blankets, cots, and lanterns to victims of 
fires, floods, and other natural disasters. One week the organization pur- 
chased 15 blankets, 5 cots, and 10 lanterns for a total cost of $1250. The 
next week, at the same prices, the organization purchased 20 blankets, 
10 cots, and 15 lanterns for a total cost of $2000. The next week, at 
the same prices, the organization purchased 10 blankets, 15 cots, and 
5 lanterns for a total cost of $1625. Find the cost of one blanket, the cost 
of one cot, and the cost of one lantern. 


A science museum charges $10 for a regular admission ticket, but mem- 
bers receive a discount of $3 and students are admitted for $5. Last Sat- 
urday, 750 tickets were sold for a total of $5400. If 20 more student tickets 
than regular tickets were sold, how many of each type of ticket were sold? 


An investor has a total of $25,000 deposited in three different accounts, 
which earn annual interest rates of 8%, 6%, and 4%. The amount 
deposited in the 8% account is twice the amount in the 6% account. If the 
three accounts earn total annual interest of $1520, how much money is 
deposited in each account? 


APPLYING THE CONCEPTS 


29; 


30. 


The sum of the digits of a two-digit number equals 4 of the number. If the 
digits of the number are reversed, the new number is equal to 36 less than 
the original number. Find the original number. 


The sum of the digits of a two-digit number equals + = of the number. If the 
digits of the number are reversed, the new number is equal to 9 more than 
the original number. Find the original number. 





us peserven 






oe 


ey 
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B 
Objective A 


TAKE NOTE 
_ You can use a test point 
_ to check that the correct 


_ region has been denoted 


as the solution set. We 


_ can see from the graph 


_ that the point (2, 4) is 
_ in the solution set, 


and as shown below, it 


_ is a solution of each 
_ inequality in the system. 
_ This indicates that the 


_ solution set as graphed 


is correct. 


2n—y=3 
2(2) —(4)=3 
Q0=3 True 
au 2y = 8 
i 32) + 2(44)>8 
14>8 True 





problems in such diverse areas 
as providing health care and 


hardening a nuclear missile silo. 
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Solving Systems of 
Linear Inequalities 


To graph the solution set of ile 
a system of linear inequalities > LY 

WEB SSM 
Two or more inequalities considered together are called a system of inequali- 
ties. The solution set of a system of inequalities is the intersection of the solu- 
tion sets of the individual inequalities. To graph the solution set of a system of 
inequalities, first graph the solution set of each inequality. The solution set of the 


system of inequalities is the region of the plane represented by the intersection 
of the shaded areas. 





™> Graph the solution set: 2x — y =3 
3x-+ 2y > 8 


Solve each inequality for y. 


228 yrs 3 Sx 2y = 8 
es hea aa PRE AEE VO) 
ye 22 3 yo-srt4 


Graph y = 2x — 3 as a solid line. Because the 
inequality is =, shade above the line. 





Graph y = Sx + 4 as a dashed line. Because 


the inequality is >, shade above the line. 


The solution set of the system is the region of the plane represented by the 
intersection of the solution sets of the individual inequalities. 


=> Graph the solution set: —x + 2y = 4 
a— ly = 6 


Solve each inequality for y. 


Se a cy ee 26 
2y=xt+4 ly 0 
tek + 2 Pete 

5 ie = ig) 





Shade above the solid line y = sx + 2. 





Shade below the solid line y = aH y3. 


Because the solution sets of the two inequalities do not intersect, the solution 
of the system is the empty set. 
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Tl. aio eine iercieele dle elciaieie 0186.8 Bleinieiew a 0.6.06 dieibine 0 ow ain slale a pininibis wide sale his ieie ain eeeeeeesesee 
eoeccesccce sesisbageseneesescnerentiedtineeecidset iol ig ag ga ae ae . 


Example 1 © You Try It 1 
Graph the solution set: y = x — 1 Graph the solution set: y = 2x — 3 
Y= —2% "> ee 
Solution Your solution 


Shade above the solid line y = x — 1. 
Shade below the dashed line y = —2x. 


The solution of the system is the intersection of 
the solution sets of the individual inequalities. 


y 





Po eeeccccccosccescecccccscceces Pee eecrcccccccsccccccseseseccccccsceseeses eocceee aoe cecccececs ee eccecccccsosccseseses Pe eceesescccccosccescses weeeececcccce eecee 
Paes 2 = You Try It 2 
Graph the solution set: 2x + 3y > 9 Graph the solution set: 3x + 4y > 12 
2 «3 
Seat 1 i = 
y An y< 4% 1 

Solution Your solution 
Ket OV eee 

Sy = 2X9 

> ae + 3 
Suk: 

Graph above the dashed line y = —=x + 3 
Graph below the dashed line y = 5x “a 





. en Eres Pescr vou. 





The intersection of the system is the empty set 
because the solution sets of the two 
inequalities do not intersect. 


’ 


Solutions on p. S17 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 5.5 / Solving Systems of Linear Inequalities 315 


5.5 Exercises 






Objective A 





Graph the solution set. 


Lea) = 3 Arita <4 3. 
5 sae c= stale apa 





ee ee 6. 














de ok — Ly 6 8. Ke 9. 
as) 3 3x + 2y > 4 
37 
we i 
af 








12555 = yee 
Se ezy 0 


>< 
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13.2 2544, 14. 3x —4y< 12 15. 
3x5 2yi= 6 Mit ZV. 6 





Les 52 ee Sis) 17. 
2xeh Vie 5 


18. 3x 2y 0 
5x = by > 9 





APPLYING THE CONCEPTS 
Graph the solution set. 
10 2x oy = 15 20. x+y=6 217 3X == 


3x = y S16 = Vie 2x = 256 
y=0 
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€ Focus on Problem Solving 


Solve an Easier Suppose you are in charge of your softball league, which consists of 15 teams. 
Problem You must devise a schedule in which each team plays every other team once. 
How many games must be scheduled? 


Team A 2 eam B To solve this problem, we will attempt an easier problem first. Suppose that your 
league contains only a small number of teams. For instance, if there were only 
1 5 1 team, you would schedule 0 games. If there were 2 teams, you would schedule 


| game. If there were 3 teams, you would schedule 3 games. The diagram at the 


left shows that 6 games must be scheduled when there are 4 teams in the league. 
Team C 6 Team D 


Here is a table of our results so far. (Remember that making a table is a strategy 
to be used in problem solving.) 





1. Draw a diagram with 5 dots to represent the teams. Draw lines from each dot 
to a second dot, and determine the number of games required. 


2. What is the apparent pattern for the number of games required? 


3. Assuming that the pattern continues, how many games must be scheduled for 
the 15 teams of the original problem? 


After solving a problem, good problem solvers ask whether it is possible to solve 
the problem in a different manner. Here is a possible alternative method of solv- 
ing the scheduling problem. 


Begin with one of the 15 teams (say team A) and ask, “How many games must 
this team play?” Because there are 14 teams left to play, you must schedule 14 
games. Now move to team B. It is already scheduled to play team A, and it does 
not play itself, so there are 13 teams left for it to play. Consequently, you must 
schedule 14 + 13 games. 


4. Continue this reasoning for the remaining teams and determine the number 
of games that must be scheduled. Does this answer correspond to the answer 
you obtained using the first method? 


wt 5. Visit www.sports.com to get lists of professional sports teams, divisions, etc. 


ww Find the strategy used to create the schedule of your favorite team. 


& Projects and Group Activities 


Using a Graphing A graphing calculator can be used to solve a system of equations. For this pro- 
Calculator to Solve a_ cedure to work on most calculators, it is necessary that the point of intersection 
System of Equations be on the screen. This means that you may have to experiment with Xmin, Xmax, 

7) Ymin, and Ymax values until the graphs intersect on the screen. 
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Solving a First- 
Degree Equation 
with a Graphing 

Calculator 
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To solve a system of equations graphically, solve each equation for y. Then graph 
the equations of the system. Their point of intersection is the solution. 


For instance, to solve the system of equations 


4x —3y =7 


5x + 4y =2 
4.7 


first solve each equation for y. 
4 i 
4x — 3y = T= SAREE Ho, 
5 
SAY 2 eo, ae 


The keystrokes needed to solve this system using a TI-83 are given below. We 
are using the viewing window [-—4.7, 4.7] by [—3.1, 3.1]. The approximate solu- 
tion is (1.096774, —0.870968). 


[v=] [CLEAR] 4 [X, 7, @,2] [=] 3 [=] 
7 [=] 3 [ENTER] [CLEAR] 

(5 & Ten} (=) 4(4)1E] 
2 [GRAPH] 


Once the calculator has drawn the graphs, use the TRACE feature and move the 
cursor to the approximate point of intersection. This will give you an approxi- 
mate solution of the system of equations. A more accurate solution can be found 
by using the following keystrokes. 


2nd] [CALC] 5 [ENTER] [ENTER] [ENTER] 


Some of the exercises in the first section of this chapter asked you to solve a sys- 


tem of equations by graphing. Try those exercises again, this time using your 
graphing calculator. 


Current models of calculators do not allow you to solve graphically a system of 
equations in three variables. However, these calculators do have matrix and 
determinant operations that can be used to solve these systems. 


A first-degree equation in one variable can be solved graphically by using a 
graphing calculator. The idea is to rewrite the equation as a system of equations 


and then solve the system of equations as illustrated abeve. For instance, to solve 
the equation 


2x b= Se 5 
write the equation as the following system of equations. 


Viel 
iS 15 
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Note that we have used the left and right sides of the original equation to 
form the system of equations. 


Now graph the equations and find the point of intersection. This is shown 
at the left using a viewing window of [—9.6, 9.6] by [—9.6, 9.6]. The solu- 
tion of the original equation, 2x + 1 = 5x — 5, is the x-coordinate of the 
point of intersection. Thus the solution of the equation is 2. 





Recall that not all equations have a solution. Consider the equation 


Kim 3@id 2), 32x: 208 — 2) 


9.6 


The graphs of the left and right sides of the equation are shown at the 

Y, = 2x — 2(2x - 2) left. Note that the lines appear to be parallel and therefore do not inter- 
sect. Since the lines do not intersect, there is no solution of the system of 

96  ©quations and thus no solution of the original equation. We algebraically 
verify this result below. 





=SHe 


Y, =x —3(x + 2) 





XK goa (ict 12) 9 2A 228 2) 


~9.6 Mile 3%G sobs] 2K Ax 4 e Use the Distributive Property. 
S20 OG =e — 2x © Simplify. 
-6=4 © Add 2x to each side of the equation. 


Because —6 = 4 is not a true equation, there is no solution. 


Note that in the third line of the solution we obtained the expressions 
—2x — 6 and —2x + 4. Consider the graphs of the equations y = —2x — 6 
and y = —2x + 4; the slopes of the lines are equal (both are —2), and 
therefore the graphs of the lines are parallel. 


Before we leave graphical solutions, a few words of caution. Graphs can 
be deceiving and appear not to intersect when they do, and appear to 
intersect when they do not. For instance, an attempt to graphically solve 


Y,= 1.8x + 3.6 


20-1 Ol 51 8 eS.0 





is shown at the left. 


If you use the viewing window [—9.6, 9.6] by [—9.6, 9.6], the graphs will appear 
to be parallel. However, the graphs of y = 2x — 10 and y = 1.8x + 3.6 do not have 
the same slope and therefore must intersect. For this equation, you need a larger 
viewing window to see the point of intersection. 


Solve the following equations by using a graphing calculator. 


y= 5% 1 

3x +2=4 

3+ 22x — 4) = 5@ — 3) 

De ae x 30 2) 2 

Explain how problem 4 relates to an identity as explained in Section 2.1. 


Find an appropriate viewing window so that you can determine the solution 
of the equation 2x — 10 = 1.8x + 3.6 given above. What is the solution? 


ae NS 
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Key Words ‘ 


Essential Rules 


Chapter Summary 


Equations considered together are called a system of equations. |p. 275] 


A solution of a system of equations in two variables is an ordered pair that is a 
solution of each equation of the system. |p. 275| 


When the graphs of a system of equations intersect at only one point, the sys- 
tem is called an independent system of equations. When the graphs of a system 
of equations coincide, the system is called a dependent system of equations. 
When a system of equations has no solution, it is called an inconsistent system 
of equations. [pp. 275-276] 


An equation of the form Ax + By + Cz = D, where A, B, and C are coefficients of 
the variables and D is a constant, is a linear equation in three variables. A solution 
of a system of equations in three variables is an ordered triple that is a solution of 
each equation of the system. [pp. 288-290] 


A matrix is a rectangular array of numbers. Each number in the matrix is called 
an element of the matrix. A matrix of m rows and n columns is said to be of order 
m Xn. A square matrix has the same number of rows as columns. [p. 297] 


A determinant is a number associated with a square matrix. |p. 297] 


The minor of an element in a3 X 3 determinant is the 2 x 2 determinant obtained 
by eliminating the row and column that contain that element. The co- 
factor of an element of a matrix is (—1)‘*/ times the minor of that element, where 
i is the row number of the element and j is its column number. [pp. 297-298] 


The evaluation of the determinant of a 3 x 3 or larger matrix is accomplished by 
expanding by cofactors. |p. 298 | 


Inequalities considered together are called a system of inequalities. The solution 
set of a system of inequalities is the intersection of the solution sets of the indi- 
vidual inequalities. |p. 313} 


A system of equations can be solved by a graphing method, by the substitution 
method, or by the addition method. [pp. 275, 278, 285] 








Cramer's Rule The solution of the system of equations aig Pa is 
[pp. 300-301] Ea), Bee 
given by x = — andy = Bie where D =| ! 4 ; 
D D a, b, 
Gqhrb dyke 
| Dt a eC Cee, 
Cy bz) Pea 














The solution of the system of equations 

aye + by + cz =d, 

a,x + by + csz = dy, is given by x = 2s, y= =, and 
a,x + b5y + c,z =d, 


i ay b; c, d, by c, 
z=, where D = |a, b, ¢,|,D,= \d, b, c>\; 
a, d cy GieDs may 


D, = |a, d, c,|,D,= ja, b, d,|, and D¥ 0. 





Coeeoeesessesesereeossecoseeesesesroosaeesasezenasseseseesee 


eeeseseoseseeeoses 
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1. 


3. 


11. 


@ Chapter Review 


Solve by graphing: 2x — 3y = —6 
Fa a 





Graph the solution set: 2x — y < 3 
4x+ 3y°< 11 





Solve by substitution: 3x + 2y = 4 
R= Ly =) 


Solve by substitution: y = 3x — 7 
P= 2K 3 


Solve by the addition method: 
4x —6y=5 
6x — Wy = 4 


Solve by the addition method: 
2x 4y —- z= 3 
apy z= 5 
Auer Oy = 22 = «1 


2: 


4. 


10. 


12. 


Chapter Review 321 


Solve by graphing: x — 2y = —5 
3x + 4y = -15 





Graph the solution set: x + y > 2 
2X = aed 





Solve by substitution: 5x + 2y = —23 
2x + y = —10 


Solve by the addition method: 3x + 4y = —2 
2% th Syo= 1 


Solve by the addition method: 
By ey — | 
5x + 2y =y + 6 


Solve by the addition method: 


Hye 2S 5 
DL S12 
3y — 2z=1 


322 


13. 


15. 


17. 


19. 


20. 


Chapter 5 / Systems of Linear Equations and Inequalities 


Evaluate the determinant: 


Solve by using Cramer's Rule: 


x-y=3 
2x +y = —4 


Solve by using Cramer’s Rule: 


XK yre=2 
2h ey 
x + 2y — 3z = —4 


3 


= 
4 


1 -2 3 
14. Evaluate the determinant: |3 1 1 
2 -1 -2 


eat wk 


16. Solve by using Cramer’s Rule: 
5x + 2y=9 
SX oe SV | 


18. Solve by using Cramer’s Rule: 
30 22 = 2 
ea Se ih | 
26 =39 = Bf = 3 


A plane flying with the wind went 350 mi in 2 h. The return trip, flying ° 
against the wind, took 2.8 h. Find the rate of the plane in calm air and the 


rate of the wind. 


A clothing manufacturer purchased 60 yd of cotton and 90 yd of wool for a 
total cost of $3600. Another purchase, at the same prices, included 80 yd of 
cotton and 20 yd of wool for a total cost of $2000. Find the cost per yard of 


the cotton and of the wool. 
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be Chapter Test 


1. Solve by substitution: 2x — 6y = 15 


3. Solve by graphing: 


x=4y+8 


x+y=3 
OX edie 6 





5. Solve by substitution: 3x + 12y = 18 


x+4y=6 


7. Solve by the addition method: 
Seaver 27 = 17 


an = 3y + 5z 
Dera oy + 3Z 


l| 


5 
14 


9. Evaluate the determinant: 


oe 
Lee 


2: 


4. 


10. 


Chapter Test 323 


Solve by the addition method: 3x + 2y = 2 
xt+y=3 


Solve by graphing: 2x — y = 4 
Vert Kies 4. 





Solve by the addition method: 5x — 15y = 30 
x— 3y=6 


Solve by the addition method: 


Bx Vy so ie3 
2y + 3z=5 
gee ye Nl 


Evaluate the determinant: 


ar 
2 Les 4 
Ai 308 
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11. 


13. 


15. 


Fe 


18. 


19. 


20. 


Chapter 5 / Systems of Linear Equations and Inequalities 


Solve by using Cramer's Rule: 
2x —y=7 
3x +2y=7 


Solve by using Cramer's Rule: 
xy rz = 0 

x4 2y 4 32 = 5 

2x 27 = 3 


Graph the solution set: 
BE Ge Ses Le) 
24 = y= 4 








Solve by substitution: 
3x —-2y=4 
y= Sx = 9 


12. 


14. 


16. 


Solve by using Cramer’s Rule: 


3x — 4y = 10 
2x + Sy = 15 


Solve by using Cramer's Rule: 


x + 3y +Z7= 6 
ety — 7 = 12 
ly = 2a 


Graph the solution set: 
ax +4y=8 
LV ao 





A cabin cruiser traveling with the current went 60 mi in 3 h. Against the cur- 
rent, it took 5 h to travel the same distance. Find the rate of the cabin 


cruiser in calm water and the rate of the current. 


A pilot flying with the wind flew 600 mi in 3 h. Flying against the wind, the 
pilot required 4 h to travel the same distance. Find the rate of the plane in 


calm air and the rate of the wind. 


At a movie theater, admission tickets are $10 for children and $16 for 


1 ae 


adults. The receipts for one Friday evening were $5000. The next day there 
were three times as many children as the preceding evening and only half 
the number of adults as the night before, yet the receipts were still $5000. 
Find the number of children who attended on Friday evening. 


re 


Ce Serra aN 
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11. 


13. 


Ga Cumulative Review 


Simplify: -2V90 


Simplify: 3[x — 2(5 — 2x) 





4x] + 6 


Solve: 2x -3 <9or5x-—1<4 


Solve: |2x — 3| >5 


Graph the solution set of 
ae iy xix > —3}. 


—5. 4 —3.-2.-1 0. 1 2.3.4 5 


Find the equation of the line that contains 
the points (2, —1) and (3, 4). 


Graph 2x — 5y = 10. 





10. 


14. 


Cumulative Review 325 


Solve: 3a — 5) = 2x +7 


Evaluate a + bc + 2 whena = 4, b = 8, and 
C= =, 


Solves|x ie 4a? 


Given F(x) = x* — 3, find FQ). 


Find the equation of the line that contains 
the point (—2, 3) and has slope -=. 


. Find the equation of the line that contains 


the point (—2, 2) and is perpendicular to the 
line 2x — 3y = 6. 


Graph the solution set of 3x — 4y = 8. 
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ist 


{7, 


19. 


21. 


22. 


23% 


24. 


25; 


Chapter 5 / Systems of Linear Equations and Inequalities 


Solve by graphing: 
oxt= 2yi="10 
3x + 2y =6 





Solve by the addition method: 
Bx 27 sl 

2y-z=1 

KA 2ye= 


Solve by using Cramer’s Rule: 
4x — 3y =17 
3x — 2y = 12 


16. Graph the solution set: 
Bae ly ze 
Kr VES 





18. Evaluate the determinant: 


2) el 
Salas 
6 =1 4 


20. Solve by substitution: 
30 =F ly = 
Ve 2 ae 


How many milliliters of pure water must be added to 100 ml of a 4% salt 


solution to make a 2.5% salt solution? 


Flying with the wind, a small plane required 2 h to fly 150 mi. Against the 
wind, it took 3 h to fly the same distance. Find the rate of the wind. 


A restaurant manager buys 100 Ib of hamburger and 50 lb of steak for a 
total cost of $980. A second purchase, at the same prices, includes 150 lb 
of hamburger and 100 lb of steak. The total cost is $1720. Find the price of 


1 lb of steak. 


Find the lower and upper limits of a 12,000-ohm resistor with a 15% 


tolerance. 


The graph shows the relationship between the monthly income and 
the sales of an account executive. Find the slope of the line between 
the two points shown on the graph. Write a sentence that states the 


meaning of the slope. 


Income 
(in dollars) 
Ww 
ro) 

S 
S 





0 20 40 60 80 100 


Sales 
(in thousands of dollars) 
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Chapter Polynomials 


‘ 


Section 6.1 


A To multiply monomials 

B_ To divide monomials and simplify 
expressions with negative exponents 

C To write a number using scientific notation 

D To solve application problems 


Section 6.2 


A To evaluate polynomial functions 
B To add or subtract polynomials 





Section 6.3 


A To multiply a polynomial by a monomial The Pathfinder mission produced the closest look to date at 

B To multiply two polynomials the surface of Mars. This photo of the Pathfinder Sojourner 

C To multiply two binomials : rover was taken at Mermaid Dune on Mars on August 8, 

D To multiply binomials that have special 1997. Images such as this, transmitted from Mars to Earth, 
products traveled a distance of over 100 million miles. Distances this 

E To solve application problems great, as well as very small measurements, are generally 


Section 6.4 expressed in scientific notation, as illustrated in Exercise 119 
on page 340. 
A. To divide polynomials 
_B To divide polynomials using synthetic 
division 
C To evaluate a polynomial using synthetic 
division 


wy Need help? For on-line student resources, such as section 
quizzes, visit this textbook’s web site at 
WEB college.hmco.com/students. 








“paasasar syysut [Ty ‘Auedwio9 urpyyrw uorysnozy © 1y3EIKdop 


r rectangles 


r 


gh the interior of a rectangle, 


area of the smalle 


—4a — 8b + 7a 
are x, 2, 3, and 6. Find the possible values of x. 


—4(3y) 
—4y + 4y 


4 
6. 
8 


eeeeeeeeeeeeeeeoeeoee 
SOSH OSSSHOHHOHSSHSESHHSHOESHOSHSEHSSHSHHSHSHEHHHSSSHHSSSHHESHHSHSHSSEHOTOEe 








ao 
oc 
Sh 
Con 
ee 
© on 
Ww 
3g & 
vO 
a 2 
o 
ss 
2 
= 
sh = 
3.5 
(ol = 
eS) 
= 
ee 
Os 
Be 
6 oD 
«is 
— 
3 So 
a5 
Se As) 


simplify. 


’ 


ercises 3 to 8 
fv 





ia “3 t= en 

\ hte qlee ees: 

F ini ieee a 
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ee PEST they yee ee ee ae 





Copyright © Houghton Mifflin Company. All rights reserved. 








Objective A | 





at the right would 
vritten AY3 or at 
least approximately like that. 
In A.D. 250, the symbol for 3 


was not the one we use today. 


oumnaann oie orto eT AARON 


[TAKE NOTE 


The Rule for Multiplying 

| Exponential Expressions 

| requires the bases to be 
the same. The expres- 

| sion x®y> cannot be 

i simplified. 


ee ee 


epgstetcicemeacmaer ate metstcantoneneatstemerscensed! 


| 


Section 6.1 / Exponential Expressions 329 


Exponential flee c 


W by 


VIDEO 


To multiply monomials 





Nt 
TUTOR 





A monomial is a number, a variable, or a product of a number and variables. 


The examples at the right are monomials. x degree 1 (x = x!) 
The degree of a monomial is the sum of Bxe degree 2 
the exponents of the variables. Ax*y degree 3 
OxeyeZ- degree 9 
In this chapter, the variable 1 is considered xn degree n 
a positive integer when used as an exponent. 
The degree of a nonzero constant term is 6 degree 0 
zero. 


The expression 5Vx is not a monomial because Vx cannot be written as a prod- 
uct of variables. The expression 7 is not a monomial because it is a quotient 


of variables. 


The expression x? is an exponential expression. The exponent, 4, indicates the 
number of times the base, x, occurs as a factor. 


The product of exponential expressions 3 factors 4 factors 
with the same base can be simplified x8-xt=(x-x-x)> (ex -x-x) 
by writing each expression in factored = i 
form and writing the result with an 

exponent. aes 

Note that adding the exponents re- ot aD aN a os 


sults in the same product. 


Rule for Multiplying Exponential Expressions 


If mand nare positive integers, then x”- x? = x7*". 





«> Multiply: ey oy) 


pon ne nnn nnn nnn nnn nnn nnn nnn nnn nnn 


(—4x5y3)(3xy2) = Sa AVS) (a0) (y? | ¢ Use the Commutative and 
Associative Properties of 
Multiplication to rearrange and 

: group factors. 

: BG ia) ¢ Multiply variables with the same 

‘ base by adding their exponents, 

Do these steps mentally. 
© Simplify. 


L.----------------------------------------- 


II 
— 
= 
a 

a 
= 

yy 
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Arithmetica. He used AY for 
X? and x” for x3. The symbol 
AY was the first two letters 
of the Greek word dunamis, 
meaning “power”; x’ was 
from the Greek word kubos, 
meaning “cube.” He also 
combined these symbols to 
denote higher powers. For 
instance, Ax’ was the 
symbol for x5. 


ae “ eee . ves 


‘Exam 
: * 


The power of a monomial can be simplified by writing the power in factored 
form and then using the Rule for Multiplying Exponential Expressions. 


(x9)? Sead Oy ae (a2b3)? = (a2b3)(a?b3) e Write in factored form. 
= xa =O °°D ¢ Use the Rule for Multiplying 
= xl2 = qsh® Exponential Expressions. 


_ Note that multiplying each exponent inside the parentheses by the exponent 


outside the parentheses results in the same product. 
> = x48 (a2b3)2 = a2*h32 e Multiply each exponent inside the 


= x12 = qb parentheses by the exponent 
outside the parentheses. 


Rule for Simplifying Powers of Exponential Expressions 









If mand nare positive integers, then (x™)” = x™, 









Rule for Simplifying Powers of Products 


— Ifm,n,and pare positive integers, then (x™y”)P = xmpynp. 





=> Simplify: (x*)5 


(A> 143 e Use the Rule for Simplifying Powers of Exponential Expressions to 
= 720 multiply the exponents. 


=> Simplify: (2a3b*)3 


(2a3b*)3 = 21:3g33pH43 e Use the Rule for Simplifying Powers of Products to multiply 
= 23q%pl2 each exponent inside the parentheses by the exponent 
= 87 opil2 outside the parentheses. Note that 2 = 2', 
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Peco eee eesereseresreseveseseses 


Example 3 Simplify: [(2xy’)?B You Try It3 Simplify: [(ab3)3/ 


Objective B To divide monomials and simplify 


SRR ENERO SIRI CES DEP RRR IK IS SATO OOS 


Foe RRR E! 


gross noarenmereroammarssonsmaeai sets meinen UR SUR HR REECE 


gpcecoevousoeaonactocok aes Atee tS ISCON SNA RN ET MB RENCOIE 
Fi 


that variables do not 


TAKE NOTE 


A number divided by 
itself is 1. Therefore, 


34 
= = 1,5; = 1, and for 


“TAKE NOTE 


For the example below, 
we indicated that 

z # 0. If we try to 
evaluate (162°)° when 

z = 0, we have 

[16(0)*]° = [16(0)]° = 0°. 
However, 0° is not 
defined. Therefore, we 
must assume that z # 0. 
To avoid stating this for 
every example or 
exercise, we will assume 


have values that result 
in the expression 0°. 


At SSO LOOSE LORE. NID SEAM EESEEI TRIE 


ponicies [Oxy2)ep = [22x2y4]3 Your solution 


= 2%xoyl2 = 64x6yl2 
Solution on p. S17 





expressions with negative exponents 


The quotient of two exponential expressions eanleae 
with the same base can be simplified by writ- Oo ay Oe i 
ing each expression in factored form, dividing be xx 

(hers 


by the common factors, and then writing the 
result with an exponent. 


Note that subtracting the exponents gives the = =x 2 =x 
same result. 


To divide two monomials with the same base, subtract the exponents of the 
like bases. 


2 
=» Simplify: = 
Z 


Cee ee 
Z mou 
a = i Poe E e The bases are the same. Subtract the expo- 
nents. This step is often done mentally. 
= 76 
51,9 
=> Simplify 
ab? (psa atatetiai iisined 1 
ore ay ate, © Subtract the exponents of the like bases. 


This step is often done mentally. 


4 
x 

Consider the expression —j, x # 0. This expression can be simplified, as shown 
ae 


below, by (1) subtracting exponents and (2) dividing by common factors. 





1 il 1 i| 
See hehe 
aig are Fc) ae ee 
1 1 1 ] 


The equations = = x° and = = | suggest the following definition of x°. 
bs i 


Definition of Zero as an Exponent 


If x # 0, then x° = 1. The expression 0° is not defined. 





= Simplify: (16z°)°, z # 0 


(16z5)° = 1 ¢ Any nonzero expression to the zero power is 1. 
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Point of Interest =» Simplify: —(7x+y3)°, « #0,» #0 
a pera the a xy! ==) =—1 © The negative outside the parentheses is not 
(S e€Ssion 12°” was use 
Msc el The use of affected by the exponent. 
reflects an Italian influence, 
where m was used for minus ; Pee oe ; ; E fee h 
and p was used for plus. It Consider the expression —%, x # 0. This expression can be simplified, as shown 
s x 
was understood that 2m : tens 
referred to an unnamed below, by (1) subtracting exponents and (2) dividing by common factors. 
variable. Isaac Newton, in the 
17th century, advocated the use : ° [ia la 8 
of a negative exponent, the eS ee me ee Losigle sae aa et a a 
symbol we use today. xo xe > £4 HH x* x? 
Los tae 
4 4 
: x ee 1 1 
The equations Fas x aand aple Ty suggest that x -* = ae 


% 


Definition of a Negative Exponent 


If x # 0 and nis a positive integer, then 





 gposcencecrooeevaiot ovmuomima mam aOR RMI RO TENORIO 
7 


i aap . 29-4 
| TAKE NOTE Evaluate: 2 


| Note from the example | ’ 1 
_ at the right that 2°4isa _ abi 54 * Use the Definition of a Negative Exponent. 
| positive number. A | 
' negative exponent does el 
not indicate a negative __ - 16 ¢ Evaluate the expression. 


number. 


sce seme: 


sonsocccnsamasoenrapstene tet ee SES OED 


A power of the quotient of two exponential expressions can be simplified by mul- 
tiplying each exponent in the quotient by the exponent outside the parentheses. 









Rule for Simplifying Powers of Quotients 





n 


xm\P xm 
If m,n, and p are integers and y + 0, then ‘ 





a2\-2 
=» Simplify: 5) 


GO ES 
(5) = B32) © Use the Rule for Simplifying Powers of Quotients. 
gee BS ms 
= peo mo ° Use the Definition of a Negative Expohent. 


Simplest Form of an Exponential Expression 


An exponential expression is in simplest form when it is written with only positive 
exponents, 
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1 
' 
i 
' 
EH 
} 
i 
i 


pprconcramacrvaerennitts 


7 ERP SS SSSA SENSE RL ODS ELS BEDE ESSAI ITER TIE 


SRNR COEDS TENEELITT 


The exponent onnis —5 
(negative 5). The n- is 
written in the : 
denominator as n>. The 
exponent on 3 is 1 
(positive 1). The 3 
remains in the 
numerator. ae 

Also, we indicated 
that n # 0. This is 
necessary because 
division by zero is not 


defined. In this textbook, 


we will assume that 
values of the variables 
are chosen so that 
division by zero does 
not occur. 


ENS PSTTO RSNA NN TRI TSNONA EER GOO SNN 


| TAKE NOTE _ 
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> Simplify: 3n-5, n # 0 


eA, ae = ey ° Use the Definition of a Negative Exponent to 
n rewrite the expression with a positive exponent. 


5 
wn 





© Use the Definition of a Negative Exponent 
to rewrite the expression with a positive 
exponent. 


2 2a 
aad 5G 10 530 


Now that zero and negative exponents have been defined, a rule for dividing 
exponential expressions can be stated. 


Rule for Dividing Exponential Expressions 


m 


¢ Xx S 
If mand nare integers and x # 0, then os pet GaN 





=> Simplify: = 


4 goeseseeeece 
= = ene ae ¢ Use the Rule for Dividing Exponential Expressions. 
Tae ae d This step is often done mentally. 
=x? © Subtract the exponents. 
1 e Use the Definition of a Negative Exponent to 
‘- Fe rewrite the expression with a positive exponent. 


The rules for simplifying exponential expressions and powers of exponential 
expressions are true for all integer exponents. These rules are restated here for 
your convenience. 


Rules of Exponents 
If m, n, and p are integers, then 


xm. xn= xmtn (x™)n = xm (xmy)P = xmynp 


n n 


x 


m m\ p mp 
x = ymn y 49 () = y#0 


y ye. 





=> Simplify: Ree eee? 
(3ab-*)(—2a-3b’) = B- C2)Ia! CZ, ae Me 7) | © When multiplying 
Set ea expressions, add the 
exponents on like bases. 
6b? Do this step mentally. 


II 

| 
Q 
8 

N 
S 

Ww 
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\ Saeedlihe <4aeebr 
=» Simplify: bash? 
4a?b> 2-2ab>~=—- 2a © Divide the coefficients by their common 
6ab?  -2-3a°b? — 3a5b? faeon 
2q72-5p5-2 e Use the Rule for Dividing Exponential 
= oes ses aeane Expressions. 
2a "hb? . 2b3 ¢ Use the Definition of a Negative Expo- 
<3 3 a By: nent to rewrite the expression with a 





2,3\-3 
=> Simplify: i a 














positive exponent. 


Srl 


6m?n?\~ ne wae © Simplify inside the brackets. 
8m'n?* 
¢ Subtract the exponents. 
oe 
POR atta mn3 ¢ Use the Rule for Simplifying Powers of 
AAS Quotients. 
a 4m’? 64m!» ¢ Use the Definition of a Negative Exponent 
373 0 273 to rewrite the expression with positive 
exponents. Then simplify. 
PRES 4 "You Try It 4 
—28x°z3 20r~2t7-5 
Simplify: ——_—- Simplify: 
Bes) OES ae eS LGra*se- 
‘ —28x°z 3 14240 G7 -2-4 
Solution Fait = Time Tie Saar Your solution 
On ears 
3 327 
ae | Re ee csesnaeennecnnesenaneain 
agree (sos bye? Ouryys 
Simplify: -—_—.—; Simplify: -————— 
(6 Iq 3b ye mp ify (6u~3v 72y=2 
7 Cab \= 3-3q3p- 2 
Solution (ab = 63h Your solution 
= 3-3. 63g412)0 
6°90) 28" 2 16a)2 
Sane Keraee os 
ies ; it ie ii Pai esi DESO 
: i a qt Ley 
Simplify: = mee Simplify: — ery 
4n—2 
Solution Pee J Ga) Your solution 


=— x4n-2-2nt+5 — 42n+3 


Solutions on pp. S17-S18 
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Objective C 


One parsec is 
approximately 1.91. x 10% mi. 


TAKE NOTE 
The numbers 9.65, 3.6, 
9.2, 2, 9.74, and 8.6 are 
all numbers between 1 
and 10. Each is multi- 
plied by a power of 10. 
Note that there are two 
steps in writing a 
number in scientific 
notation: (1) Determine 
the number between 

1 and 10, and (2) deter- 
_ mine the exponent on 10. 


ceseeurts unsenosansinrsatacoe 


RASA 


nana anesstetong SRA CRSA NARS 


nee oe | 
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ae 


i eee tote fia 
To write a number using scientific notation 7) a > &. 
TUTOR WEB SSM 





Integer exponents are used to represent the very large and very small numbers 
encountered in the fields of science and engineering. For example, the mass of 
the electron is 0.0000000000000000000000000009 g. Numbers such as this 
are difficult to read and write, so a more convenient system for writing such 
numbers has been developed. It is called scientific notation. 


To express a number in scientific notation, write the number as the product of a 
number between 1 and 10 and a power of 10. The form for scientific notation is 
a X 10", where 1 <a < 10. 


For numbers greater than 10, move the 965,000 Asa Ge 40)” 
decimal point to the right of the first digit. ee 

h : oe 3,600,000 = 3.6 X 10° 
The exponent n is positive and equal to the hago 
number of places the decimal point has 92,000,000,000 = 9.2 x 10!0 
been moved. 


For numbers less than 1, move the decimal 0.0002 = 2oC10n* 
point to the right of the first nonzero digit. bS 2 
The exponent 1 is negative. The absolute TAUCE ue eae 
value of the exponent is equal to the number 0.000000000086 = 8.6 xX 10-1! 
of places the decimal point has been moved. —__—7 


Converting a number written in scientific notation to decimal notation requires 
moving the decimal point. 


When the exponent is positive, move the deci- 1:32 107 =" 135200 
mal point to the right the same number of places 1.4 x 108 = 140,000,000 
as the exponent. 


When the exponent is negative, move the deci- 1.32 X 10-2 = 0.0132 
mal point to the left the same number of places as 1.4 x 10-4 = 0.00014 
the absolute value of the exponent. 


Numerical calculations involving numbers that have more digits than a hand- 
held calculator is able to handle can be performed using scientific notation. 


220,000 x 0.000000092 














=> Simplify: 0.0000011 
220,000 x 0.000000092 2.2 x 10249210" e Write the numbers in 
0.000001 1 - 1A aor scientific notation. 
5 +(—8)—(—6) 
- (2.2)(9.2) X 10 s Sian 
1.1 
= 78.4 x 10° = 18,400 
: emis 7 Write 0.000041 in scientific You Try It7 | Write 942,000,000 in scientific 
notation. notation. 
Solution 0.000041 = 4.1 x 10° Your solution 


Solution on p. S18 
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eee 8 Write 3.3 < 107 in decimal bee Try It 8 Write 2.7 X 1075 in decimal 
notation. notation. 
Solution 3.3 X 107 = 33,000,000 Your solution 
Example 9 fae Try It 9 
; ; : 0.0000063 ; : 5,600,000 x 0.000000081 
Simplify: Se TN ats Silla itl ye pe 


0.00009 x 480 900 x 0.000000028 


‘ 


sa 


Soluti 2,400,000,000 x 0.0000063 Your solution 
o oe e 0.00009 x 480 


5) 2t1Oe x 600 10° 
~ 9x 107 x 4.8 xX 102 


- ((4.8) 


= 0.35 x 10° = 350,000 


Solutions on p. S18 





Objective D To solve application problems 


Serer. tary pe ce CP Siaisie(tle w.cjeie(ele's s[e)e:0 viv ee sieitie\s'aisie|sideie'eie'a,ieje'eis's)\s seleisivieie Sie. c'e/0'o\0 MBie ipieiaivie|sia ain\oln ele. \slaienabisiulnie\s vlalaisisip wineipie siviala'cieleie eve civiaw boimud@ eects mem cerinn caae 


Example 10 You Try It 10 

How many miles does light travel in one day? A computer can do an arithmetic operation in 
The speed of light is 186,000 mis. 1 X 10°’s. In scientific notation, how many 
Write the answer in scientific notation. arithmetic operations can the computer 


perform in 1 min? 


Strategy Your strategy 
To find the distance traveled: 


e Write the speed of light in scientific notation. 

e Write the number of seconds in one day 
in scientific notation. 

e Use the equation d = rt, where r is the speed 
of light and ¢ is the number of seconds in 
one day. 

Solution Your solution 

r = 186,000 = 1.86 x 105 


t = 24- 60- 60 = 86,400 = 8.64 x 104 
d=rt 7a 
d = (1.86 X 105)(8.64 x 104) 

= 1.86 X 8.64 x 10° 


= 16.0704 x 10° 
1.60704 x 10!9 


Light travels 1.60704 x 10!° mi in one day. 


Solution on p. S18 
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Section 6.1 / Exponential Expressions 


6.1 Exercises 


Objective A 


1. Which expression is the multiplication of two exponential expressions 
and which is the power of an exponential expression? 
a. q: % Gre b. (g-)? 


2. In the expression (a*b°)’, what is the product and what is the power? 


Simplify. 
3. (ab)(a*b) 4. (—2ab*)(—3a?b*) 3: (9xy2)( 2477") 
aa xay")s 8. (2ab?)3 Bh (a ee 
ea) 12. (xy)(x’y)* 13 Gy 
15. Oxy F 16 1G2y)7 T7omiap) 
19. [(2xy)3}* 20) (Gx577)71" | 21 al Ceo Ne 
23, xn ntl 24, yn. yan 25, y3" - y3n-2 
Dae ata 28") 29in (x22 )e 
31. (2xy)(—3x*yz)(x7y*2") 32. (x?z*)(2xyz*)(—3x%y") 33. 
34. (—c3)(—2abc)(3a’b) 35. (24472) Gr7y2") 36. 
Rm eat (2207) 38. (4ab)?(—2ab?c?)? 39. 
Objective B 
Simplify. 
40. 2° 41. =: 42. —*. 


10. 


14. 


18. 


oe 


26. 


30. 


337 


(xy)? 


(22a2b>)? 


[(2x)*? 


[(2ab)>}? 


yn . yan 


(qa™)=* 


(b2" ail yr 


(3b*)(2ab7) © 2ab%c") 


(2a*b)?(—3ab*)? 


(—2ab2)(—3a*b>)3 
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=) 3 
44. a AB oe 46. xy AT. xy 
1 (2x)? eat 
48, —5x0 49 50. Bf ee 
a 2x9 — (2y)° 
yt oF? 
32. 53. cat ie ia EE) r= 
xy Hl x43 a 'b-3 acb * 
56. ae ee . : 
xy 57 x ly 58 ab 59 FEST a: 
60. (a ')*Qa)# Ol 30) 5(Oae)) 62. Gy )rOy) 63. O97) ee 
50h! xy xi Ty re, 
64. —— 5 == ° F 
70b° 85 oye eG x yi ol 12x*y 
2x74 —3ab? —12a*b?\3 12x3y2z\4 
68. —-; 69. 70. |—=— : aie 
(Gxy-)’ (9a?b*)? 9a°b? ie: fae 
72, Gey ees came 75a 
(2xy3)3 (—6ab?)*  Qey?2? * (—2ab*)3 
(—4xy?)? (—8x7y)4 qo” ; be 
76. ——— 717... = mone! 
(—2x7y)4 (16x79) 78. qo" : 79. pion 
a 5" i eg x2n-l . yon t2 
: x2n = —ybn 82. x3 83. yard 
3npn nN, ,3n 3n—2pn n-1,n— 
a fh 2S Tippee a7) ee 
a"b x"y n gz tpn +2 ee . xrtaynt3 
De =8\ Goel — 2. \=2 pe - aS 
aa . 2 ie =) 20, 9ab~*\-?/ 3a-2b \3 an 2ab-'\"1/3a~b\? 
x “y xy 8a °b 2a*b~? zs Be abe 
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Objective C 
Write in scientific notation. 


91. 0.00000467 92. 0.00000005 93. 0.00000000017 


94. 4,300,000 95. 200,000,000,000 96. 9,800,000,000 


Write in decimal notation. 


oD emies, LO Om Oe ae 9982710 


100. 6.34 x 10° LOT 3.9 X=10 2 102. 4.35 x 10° 


Simplify. Write the answer in decimal notation. 


TOs moe. 10'2)(5 < 10!¢) 104. (8.9 x 10-5)(3.2 x 10~°) 
105. (0.0000065)(3,200,000,000,000) 106. (480,000)(0.0000000096) 
ox10, PETS ANNs 0.0089 
1072. 1038. = ee 
&x<10° Beal One maa 500,000,000 
4800 0.00056 0.000000346 
LO 1. 112. 
0.00000024 0.000000000004 0.0000005 
CLO" *)(2.7 XOLOY 6.9107 )(8:2 1057 
113. LOLI) id ae 114. I 5 ) 
8.1 x 10 4.1 x 10 
115 (0.00000004)(84,000) 116 (720)(0.0000000039) 
*  (0.0003)(1,400,000) * (26,000,000,000)(0.18) 


Objective D Application Problems 
Solve. Write the answer in scientific notation. 
117. How many kilometers does light travel in one day? The speed of light is 


300,000 km/s. 


118. How many meters does light travel in 8 h? The speed of light is 
300,000,000 m/s. 


128. 





© 129. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


Chapter 6 / Polynomials 


The rover Sojourner landed on Mars in July of 1997. It took 11 min for 
the commands from a computer on Earth to travel to the Sojourner, a 
distance of 119 million miles. How fast did the signals from Earth to 
Mars travel? Write the answer in scientific notation. 


In the summer of 2001, the federal debt was 3 < 10!* dollars. How much 
would each American citizen have to contribute in order to pay off the 
debt? Use 300,000,000 as the number of citizens. 


A high-speed centrifuge makes 9 X 107 revolutions each minute. Find the 
time in seconds for the centrifuge to make one revolution. 


How long does it take light to travel to Earth from the sun? The sun is 
9.3 X 107 mi from Earth, and light travels 1.86 x 105 mi/s. 


The mass of Earth is 5.9 X 1077 g. The mass of the sun is 2 x 1033 g. How 
many times heavier is the sun than Earth? 


One astronomical unit (A.U.) is 9.3 X 107 mi. The star Pollux in the con- 
stellation Gemini is 1.8228 < 10!2 mi from Earth. Find the distance from 
Pollux to Earth in astronomical units. 


The weight of 31 million orchid seeds is one ounce. Find the weight of 
one orchid seed. 


One light year, an astronomical unit of distance, is the distance that light 
will travel in one year. Light travels 1.86 X 105 mi/s. Find the measure of 
one light year in miles. Use a 365-day year. 


The Coma cluster of galaxies is approximately 2.8 x 108 light years from 
Earth. Find the distance, in miles, from the Coma cluster to Earth. (See 
Exercise 126 for the definition of one light year. Use a 365-day year.) 


APPLYING THE CONCEPTS 


Simplify. 
alee + (42-4) 4) bs 2 2) aaa: 


Correct the error in each of the following expressions. Explain which é 


rule or property was used incorrectly. 


a eae A She Gy bea — (6 — ¢) =a 
(ry aati) d. ((x4)5. = 9 
e. x2 . x3 = x6 1 bimtn — bn ae bn 
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Objective A 


prt acneneancrenmenaeccncnc mre creo ESCO 


H 


g 


SSRN OOIINM RE ETNA 


a atE 


gree car ccroerrnenseet tema: 


TAKE NOTE | 


An analogy may help 
you understand these 
terms. Polynomial is 


similar to the word car; 


Chevrolet and Ford are 
types of cars, just as 
monomials and 
binomials are types of 
polynomials. 


PPE NE TOE EOE 
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Introduction to Polynomials 
“Y ) e) S a», 


A polynomial is a variable expression in which the terms are monomials. 





To evaluate polynomial functions 





A polynomial of one term is a monomial. 5x 
A polynomial of two terms is a binomial. 5-1 OX 
A polynomial of three terms is a trinomial. 3x SNe nO 


Polynomials with more than three terms do not have special names. 


The degree of a polynomial is the greatest oye ae degree 1 
of the degrees of any of its terms. iO | degree 2 
Ax?y? + 6x4 degree 


eatin Tay si 9) degree 2n 


The terms of a polynomial in one variable Diet tia aie ts) 

are usually arranged so that the exponents 

of the variable decrease from left to right. BY. 2 eee OV eae ieee 
This is called descending order. 


For a polynomial in more than one variable, descending order may refer to any 
one of the variables. 


The polynomial at the right is shown first 242 Fh ay 
in descending order of the x variable and then 
in descending order of the y variable. DV tt SRN at ee 


Polynomial functions have many applications in mathematics. In general, a 
polynomial function is an expression whose terms are monomials. The linear 
function given by f(x) = mx + b is an example of a polynomial function. It is 
a polynomial function of degree one. A second-degree polynomial function, 
called a quadratic function, is given by the equation f(x) = ax? + bx + ¢, 
a # 0. A third-degree polynomial function is called a cubic function. 


To evaluate a polynomial function, replace the variable by its value and 
simplify. 


=> Given P(x) = x3 — 3x2 + 4, evaluate P(—3). 


PS xe = 3x* +4 





P@=3)= (3) — 3(-3)? + 4 ¢ Substitute —3 for x and simplify. 
=! =)/ = 3(9) +4 
= = 27-—<27 +4 
= =50 


The leading coefficient of a polynomial function is the coefficient of the 
variable with the largest exponent. The constant term is the term without a 


variable. 
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You can verify the graphs of 
these polynomial functions by 
using a graphing calculator. 
See the Appendix: Guidelines 
for Using a Graphing Calculator 
for instructions on graphing 
functions. 


=» Find the leading coefficient, the constant term, and the degree of the poly- 
nomial function P@) = 744937 20 — 4) 


The leading coefficient is 7, the constant term is —4, and the degree is 4. 





The three equations below do not represent polynomial functions. 


[ey 8 sie ee A polynomial function does not have a variable raised 
to a negative power. 


g(x) = 2Vx -3 A polynomial function does not have a variable expres- 
sion within a radical. ee 


Xx 





h(x) = 


A polynomial function does not have a variable in the 
id denominator of a fraction. 

The graph of a linear function is a straight line and can be found by plotting just 
two points. The graph of a polynomial function of degree greater than one is a 
curve. Consequently, many points may have to be found before an accurate 
graph can be drawn. 


Evaluating the quadratic function given by the equation f(x) = x2 — x — 6 when 

x = —3, —2, —1, 0, 1, 2, 3, and 4 gives the points shown in Figure 1 below. For 

instance, f(—3) = 6, so (—3, 6) is graphed; f(2) = —4, so (2, —4) is graphed; and 

f(4) = 6, so (4, 6) is graphed. Evaluating the function when x is not an integer, 
3 5 

such as x = = and 3 » produces more points to graph, as shown in Figure 2. 

Connecting the points with a smooth curve results in Figure 3, which is the graph 


of f. 





Figure 1 Figure 2 Figure 3 






Here is an example of graphing a cubic function, P(x) = x3 — 2x2 — 5x + 6. Eval- 
uating the function when x = —2, —1, 0, 1, 2, 3, and 4 gives the graph in Fig- 
ure 4 below. Evaluating at some noninteger values gives the graph in Figure 5. 
Finally, connecting the dots with a smooth curve gives the graph in Figure 6. 


aapeace 


yen een: wr a 








Figure 4 Figure 5 
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SEs 1 You Try It 1 


Given P(x) = x3 + 3x2 = ax 4+ 8, evaluate 
P(—2). 


Solution 

P(x) = x3 + 3x2 ~2x + 8 
P(—2) = (=2)3 + 3(—2)? — 2(-2) + 8 
(-—8) + 3(44)+4+4+8 
—-8+12+4+8 
16 


Se ett eee eee SS SSS SS CCS 8 400.4 Fo) ve Gee ceascece SeCeecaceceseaersesecteceecececcee 


Example 2 

Find the leading coefficient, the constant 
term, and the degree of the polynomial. 
P(x) = 5x® — 4x5 — 3x2 +7 


Solution 
The leading coefficient is 5, the constant term 
is 7, and the degree is 6. 


POSS O SHO HH EME T EH HSH TH EET TE TOT RETE OTH EHOEE OSES ESTEE HH HO SESE SEHD EEO EEEO ODEO SEES 


Example 3 

Which of the following is a polynomial 
function? | 

a. P(x) = 3x7 + 21x? -— 3 

b. T(x) = 3Vx — 2x2 — 3x +2 

jean) = 14° — ax? + 3x + 2 


Solution 

a. This is not a polynomial function. A 
polynomial function does not have a 
variable raised to a fractional power. 

b. This is not a polynomial function. A 
polynomial function does not have a 
variable expression within a radical. 

c. This is a polynomial function. 
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OPPS CORE H ESOS EE HEHEHE HEH EEE EEE EEE EOE EEEE EOE SE EEH EO OEH EES DESO EH EHESOEEEDES 


Given R(x) = —2x4 — 5x3 + 2x — 8, 
evaluate R(2). 


Your solution 


PCOS ODOT TEE E ESET EDO THEE OEE OOOOH ESTES TEES SEH OES ES EEO EO HOOT HOHE OEE EOD ES EES 


You Try It 2 
Find the leading coefficient, the constant 


term, and the degree of the polynomial. 
r(x) = —3x4 + 3x3 + 3x2 — 2x — 12 


Your solution 


POOH OTST ESTO OHS SOOO SOS OSEE ESE ERE ESET ES EES ESEES SESS TE SES ESS ES EES ES ES EEE ESTOS 


‘You Try It 3 


Which of the following is a polynomial 
function? 

a. Re) = 5xi4— 5 

b: VG) Sx)! te 7 

CPG) 2K. = 3Vx —3 


Your solution 


PPT TELE Se 


Example 4 
Graph f(x) = x? — 2. 


Solution 





You Try It 4 
Graph f@) = 42 = 3. 


Your solution 





Solutions on p. S18 


344 Chapter 6 / Polynomials 


eeeeeeereree 
Cer eceercessosossesseseeeeeeseseee 
SOOO CSO S HEHE OEE OE OE HEE EE EE OEE ES ESOS EEE EOE ESE SETH ESTO SESESES ESOS EOSESHE ESSE EES Peewee reese reserrseseseneseseseeee 


Example 5 You Try It 5 
Graph f@) =x 71. Graph j@)isexe 46-1: 
Solution Your solution 





Solution on p. S18 





Why 
Oo e057) To add or subtract polynomials E> Caen 


Polynomials can be added by combining like terms. Either a vertical or a hori- 
zontal format can be used. 


m Add (3x3 — 7x + 2) + (7x? + 2x — 7). Use a horizontal format. 


(3x3 ="7x + 2) (1x? 42% = 7) ¢ Use the Commutative and Associative 
= 1398 10? (= 7x4 + 2x) (2 27) Properties of Addition to rearrange and 
group like terms. 
= 3x9 + 7x? — 5x —5 © Combine like terms. 


mp Add (4x? + 5x — 3) + (7x®— 7x + 1) + (2x — 3x2 + 4x3 + 1). Use a vertical 





format. 
4x? + 5x — 3 ¢ Arrange the terms of each polynomial in descending 
We Mace order with like terms in the same column. 
4x3 — 3x2 + 2x +1 
Ae et oh 6 = © Add the terms in each column, ‘. 
| TAKE NOTE | 
| The opposite of a __ The additive inverse of the polynomial x2 + 5x — 4 is (x2 ie 5x = 94), 
| polynomial is the : : es 
| polynomial with the sign | 0 simplify the additive inverse of a 
_ ofevery term changed. = polynomial, change the sign of every = ee 4) eee eee 5x +4 


————ennnnneneenneneed term inside the parentheses. 
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cemmihinieamee 7 


TAKE NOTE 
This is the same ~ 
_ definition used for 
: subtraction of integers: 
Subtraction is addition 
of the opposite. 


| 
| 
| 
3 


4 
q 


ceieiemeemmnieeaniiamieueniceit are ee | 
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To subtract two polynomials, add the additive inverse of the second polynomial 
to the first. 


"> Subtract (3x? — 7xy + y2) — (—4x2 + 7xy — 3y?). Use a horizontal format. 


(3x? — Txy + y?) — (—4x2 + Txy — 3y2) ¢ Rewrite the subtraction as the 
= (3x2 = 7xy + y?) + (4x2 — Txy + 3y?) addition of the additive inverse. 
= 7x? — 1l4xy + 4y? © Combine like terms. 


=» Subtract (6x3 — 3x + 7) — (3x2 — 5x + 12). Use a vertical format. 





(Ox 53x 2) ex — 5x 12) e Rewrite subtraction as the addition 
a OX eX ere ie (—3x2-4+ 5x — 12) of the additive inverse. 
6x3 = Ske 7/ © Arrange the terms of each polynomial in descending order 
Sok Boer le with like terms in the same column. 
ee — 3x7 + 26 5 ¢ Combine the terms in each column. 


Functional notation can be used when adding or subtracting polynomials. 


"> Given P(x) = 3x? — 2x + 4and R(x) = —5x3 + 4x + 7, find P(x) + R(x). 


P(x) + R(x) = (3x2 — 2x + 4) + (—5x3 + 4x + 7) 
ee ox? + 2x11 


> Given P(x) S52 8x = 4 and R(x) = — 3x2 5x 429) find) Pix) — he: 


PG Ro) ar 8 — 4) (> 5 9) 
SC Or om Ae (ier Ox — 9) 
=—2x* + 13x — 13 


=> Given P(x) = 3x2 — 5x + 6.and R(x) = 2x? — 5x — 7, find S(@), the sum of the 
two polynomials. 


SG) PG) Roar = 5x04 6) (2x? — Sx = 7) 
ee = LO — 1 


Note that-evaluatingsP@) = 3x2 — 5x + 6 and R@) = 2x7.— 73x — 7 atMor 
example, x = 3, and then adding the values, is the same as evaluating 
Sore — 10x leatt3- 

PG) = 3G) — 5G) +6=27-154+6=18 

iota 5G) 7 = 18 = 1 Te —4 


14 


P(3) + R(3) = 18 + (-4) 


S(3) = 5(3)? — 1073) -1= 45 -30-1=14 
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POO S SSO SE ESE SE EEE SESS ESET HE ESSE EEE OE 
POPC EHH H EEO EEE HH EE EEO SEH ES EEEEESE SESE SE SES ESOS SEOHSOS OSES OTH EE EESOSEBEHES PEOHHOHESESESESSESOS OHHH EO ESESO SOLED ESHOS OD 


Add 
(Agee Saye Ve) GA Oke te ky) ave 
Use a vertical format. 


Solution 
Age — 3x + [yy 
Boxee Vt 
x? + 4xy + By? 


eee 
PPP OO OTHE HSE S EEO EE HEHEHE EE HEH ES EE HEH EO EEO EE HOES HOS OH OE SEEEEEE SESE STEEDS EEEES HOEHESEDESESSSESESEHEOEE SHES EE EHESES OSE SE ESSE ESSE SESEES SESE OE ESEESEHESESOEES 


Example 7 

Subtract 

(re 26s ay ie a ox 12) 
Use a vertical format. 


Solution 
Add the additive inverse of 7x2 + 3x — 12 
to 3x2 — 2x + 4. 


3x2 — 2x 4 
—7Tx2 — 3x 1? 


—4x? — 5x + 16 


++ 


CPPS S ROSES HET OEE HEE EO OEE OEE EH HOSE EEE TE SEDER HET OO OOOO EEE OEE EEE E HOHE HOES SES ESOS 


Example 8 

Given P(x) = —3x? + 2x — 6 and 
R(x) = 4x3 — 3x + 4, find 

S(x) = P(x) + R(x). Evaluate S(—2). 


Solution 
S(x) = P(x) + R(x) 
=(—3% +27 — 6) + Gx? — 3x + 4) 
a re 
Sg eA NS (2 )2 = 2) 
ion Chit o4) eca ee) 
a an date Dac 2 





POPC O Omer arse rere eee ee eeeee sree seed e sere seer reer e eee ee DereeeeeoeesesesecooeS 


Example 9 

Given P(x) = 2x?" — 3x" + 7 and 
R(x) = 3x2" + 3x" + 5, find 

D(x) = P(x) — R(x). 


Solution 

DG) = PG) RG) 
= (2x2" — 3x" + 7) — (3x2 + 3x7 + 5) 
2a x ick (3 Ba 5) 
— —2n =2 6x" -— 2 





You Try It 6 

Add 

(—3x2 — 4x + 9) + (—5x? — 7x + 1). 
Use a vertical format. 


Your solution 


You Try It 7 

Subtract 

(= 5x2 2 = 3) (On See) 
Use a vertical format. 


Your solution 


PCPS CO SOE SEH EO EH OOOOH EEE EES E EOS ES SEDO DESO SES ECE EES EES OEE E EEE EES ES EE ESEEOS 


“You Try It 8 
Given P(x) = 4x3 — 3x2 + 2 and 
R(x) = —2x? + 2x — 3, find 
S(x) = P(x) + R(x). Evaluate S(—1). 


Your solution 


ie Try It 9 

Given P(x) = 5x2" — 3x" — 7 and 
R(x) = —2x2" — 5x" + 8 find 
Dia) Ps) = RE 


Your solution 


Solutions on p. S18 
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6.2 Exercises 





Objective A 
1. Given P(x) = 3x? — 2x — 8, evaluate P(3). 2. Given P(x) = —3x? — 5x + 8, evaluate P(—5). 
3. Given R(x) = 2x3 — 3x2 + 4x — 2, 4. Given R(x) = —x3 + 2x? — 3x + 4, evaluate 
evaluate R(2). R(=1). 
5. Given f(x) = x* — 2x? — 10, evaluate f(—1). 6. Given f(x) = x5 — 2x3 + 4x, evaluate f(2). 


Which of the following define a polynomial function? For those that are 
polynomial functions, identify a. the leading coefficient, b. the constant 


term, and c. the degree. 


7. P(x) = —x? + 3x+ 8 So PO) = 3x — 3x — 7 
eae 
10. gas amma 11. f(x) =Vx —x2 +2 
ie 
13. g(x) = 3x5 — 2x2 + 7 14. g(x) = —4x5 — 3x2 +x -V7 
160 - Px) =x? — 5x* — x Wik TH Ga lesa 
Graph. 
19 Pin x — | 20/3 Bt 2 3 
ee oe ae af aaa 








P2aeerir) = «+ 1 De lk) tke? 4 Ok 











WPA, 


15. 


18. 


21. 


EG 
Bee Il 





R(x) = 


f(x) =x2 = Vx+2—8 


Pt) =x = Sie 





1 
R(x) ==+ 2 

x 
RS 24 2 

ee: 

4 

2 

PX 

a4r 40 2 ge 

a) 
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Objective B 





Add or subtract. Use a vertical format. 


25. (5x2 + 2x — 7) + (2 — 8x + 12) 26. | (3x2*= 2x + 7) +(—3x? 24 12) 





27. (x2 — 3x + 8) — (2x? — 3x + 7) 28. (2%2 -- 3x = 7) = (627 — See 1) 


Add or subtract. Use a horizontal format for Exercises 29-32. 


~~ ‘ 


ZO aye tyre 2yee—— Bye) 30. (= 2y? = Ay — 12) yey) 
31. (2a? — 3a — 7) — (—5a? — 2a — 9) B25 (30+ — 94) aa ee ae) 
33. Given P(x) = x* — 3x + 1 and 34. Given P(x) = x2" + 7x" — 3 and 
Ria) 242 — 3, tind PG) RG). R(x) = —x2" + 2x + 8, find P(x) + R(x). 
35. Given P(x) = 3x2 + 2 and 36. Given P(x) = 2x2" — x" — 1 and 
R(x) = —5x? + 2x — 3, find R(x) = 5x2" + 7x" + 1, find 
Pa) — RO) P@) RG). 
37. Given P(x) = 3x4 — 3x3 — x2 and 38. Given P(x) = 3x4 — 2x + 1 and 
R(x) = 3x3 — 7x2 + 2x, find Rw) = 3x5 — 5x — 8, find 
S(x) = P(x) + R(x). Evaluate S(2). S(x) = P(x) + R(x). Evaluate S(—1). 


APPLYING THE CONCEPTS 


39. For what value of k is the given equation an identity? 
ang M207 RSX? > kx 5) = Ge 2x? + ax £87) Ss x2 $ Sx = 2 
b. (6x9 + kx? — 2x — 1) — (4x3 — 3x2 + 1) = 2x3 — 9? — 2x — 2 


40. The deflection D (in inches) of a beam that is uniformly loaded is 
given by the polynomial function D(x) = 0.005x4 — 0.1x3 + Ox 
where x is the distance in feet from one end of the beam. See the figure at 
the right. The maximum deflection occurs when x is the midpoint of 
the beam. Determine the maximum deflection for the beam in the 
diagram. 





@ 1. If P(x) is a third-degree polynomial and Q(x) is a fourth-degree poly- 
nomial, what can be said about the degree of P(x) + Q(x)? Give some’ 
examples of polynomials that support your answer. 





@ 22. If P(x) is a fifth-degree polynomial and Q(x) is a fourth-degree poly- 
nomial, what can be said about the degree of P(x) — Q(x)? Give some 
examples of polynomials that support your answer. 
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Multiplication of Polynomials 


Objective A To multiply a polynomial by a monomial oO 





TUTOR WEB SSM 


To multiply a polynomial by a monomial, use the Distributive Property and 
the Rule for Multiplying Exponential Expressions. 





"=> Multiply: —3a(4a2 — 5a + 6) 
| ~3a(4a2) — (—3a)(5a) + (—3a)(6)| © Use the Distribu- 
tive Property. This 


—3a(4a2 — 5a + 6) 


Une aww eneeeee bs sensi wa deen oe mek sone = oeoe cand denn aoe sae lel 


= —12a? + 15a? — 18a ‘ 
step is frequently 
done mentally. 
Example 1 You Try It 1 
Multiply: (Sx + 4)(—2x) Multiply: (—2y + 3)(—4y) 
Solution Your solution 
(5x + 4)(—2x) = —10x? — & 
Example 2 You Try It 2 
Multiply: 2a2b(4a2 — 2ab + b?) Multiply: =a2(3a*+ 2a = 7) 
Solution Your solution 


2a*b(4a2 — 2ab + b?) 
= 8atb — 4a3b? + 2ab3 


Solutions on p. S18 





wy) 





str 
Objective B To multiply two polynomials } ‘o Ge & 


Multiplication of two polynomials requires the repeated application of the 
Distributive Property. 


(y — 2)(y? + 3y + 1) = (y — 2)(y?) + (Cy — 2)Gy) + Cy — 270) 
Sg) = Pare re eye = ON gon 74 
Se Lye eyes 2 


A convenient method of multiplying two polynomials is to use a vertical format 
similar to that used for multiplication of whole numbers. 


war toy rt 
ye 
er cy. e Multiply —2(y? + 3y + 1). 
yet 3yrt iy e Multiply y(y? + 3y + 1). 
ye + y?—5y—2 e Add the terms in each column. 
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=> Multiply: (2a3 + a — 3)(a + 5) 


2a7#+a- 3 
a+ 5 : : 
e Note that spaces are provided in each 
10a° + 5a — 15 product so that like terms are in the 
ie a ee same column. 
2a* + 10a? + a2 + 2a — 15 e Add the terms in each column. 
Example 3 You Try It3 ~ 
Multiply: (2b3 — b + 1)(2b + 3) Multiply: (2y3 + 2y? — 3)(3y a) 
Solution Your solution 
2b3 —b+1 
2b +3 
6b3 — 3b+3 . 
4b4 + — 2b2 + 2b 


4D* tN6bt = 2b? = "hs 3 
Solution on p. S19 


2E4 
Oo 657% To multiply two binomials Tue Oe és 


It is frequently necessary to find the product of two binomials. The product 
can be found using a method called FOIL, which is based on the Distributive 
Property. The letters of FOIL stand for First, Outer, Inner, and Last. 





=> Multiply: (2x + 3)@ + 5) 


TAKE NOTE | 


FOIL is not really a 


Pditerent war or | Multiply the First terms. (2x + 3)(« + 5) 20S eee 
| ARE eee ge Multiply the Outer terms. (2x + 3) + 5) 26 25 = 10x 
Property. Multiply the Inner terms. (2x + 3)(x + 5) 3 3x 
(2x + 3)(x + 5) : 
5 Se 5) + B(x +5) | Multiply the Last terms. (QQx + 3)(@ + 5) i eae rete te) 
F O I ib; | ‘ 
= 2x2 + 10x + 8x +15 | F O it L 
|i = 2e8 4 1x 4 15 Add the products. (Qxe-+ 3)G+ 5) = 2x7 + 10x + 3x + 15 
FOIL is an efficient way Combine like terms. = 207 13x ral 


to remember how to do 
binomial multiplication. 





=» Multiply: (4x — 3)(3x — 2) 


(a ee ea ae eee a ees 


(4x — 3)(3x — 2) = | 4x(3x) + 4x(—2) + (—3)(3x) + (—3)(—2) | « Do this step 
=f 24S Bee OnceiG ere ee mentally. 
= 11242 = 17016 ae 


™> Multiply: (3x — 2y) (x + 4y) 


(3x — 2y)(x + 4y) =! 3x(x) + 3x(4y) + (—2y)(x) + (- 2y)(4y) | * Do this step 


bewnnnne ns ne eee 
enn enn enn se eee n ne enn 


= 3x2 + 12xy — 2xy — By? mentally. 
=x LOxy = Sy 
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pense ss Se ee es 
Multiply: (2a — 1)(3a — 2) Multiply: (4y — 5)(2y — 3) 
Solution . Your solution 
Ca V\(3a— 2)'= 602 — 4q — 3a + 2 
= 6a? — 7a +2 
| “i : te ae Re aaa 
Multiply: (3x — 2)(4x + 3) Multiply: (3b + 2)(3b — 5) 
Solution Your solution 


(3x — 2)(4x + 3) 


Objective D 


12x? + 9x — 8x — 6 
alex te = 6 


Solutions on p. S19 


To multiply binomials 
that have special products 





@) % 
TUTOR WEB SS 


Using FOIL, it is possible to find a pattern for the product of the sum and dif- 
ference of two terms and for the square of a binomial. 





The Sum and Difference of Two Terms 
(a+ b)la— b) = a2— ab+ ab— b? 
= ae = b2 


Square of the first term es 


Square of the second term 


The Square of a Binomial 
(a +b)? = (a+ b)(a + b) = a2 + ab+ ab+ Bb 
=a’ + 2ab+ Bb’ 


Square of the first term 
Twice the product of the two terms 
Square of the last term 





=> Multiply: (2x + 3)(2x — 3) 


(2x + 3)(2x — 3) is the sum and difference of two terms. 


peck ee reso sea ewenn any 


Qe + 3)2x% — 3) = Qn) 3" © Do this step mentally. 


eee eee eee tee 


=> Multiply: (3x — 2)? 


(3x — 2)? is the square of a binomial. 


pre a nnn nn nnn nnn nnn ene nn nnn nn nnn nena ng 


(3x — 2)? = : x)? + 2(3x)(—2) + (-2)7 | © Do this step mentally. 


t 4 


Uanmesneen tec ec teens aeneensoesaensanasoesabanoceeasasn 


Ox = 126 4 
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POOR S OSES OSES EEE EE SEE HE EE SEE ES EOE EO EEE 
POPES CO OES OSES OE HEE EO SESE SES EO OEE EHH OEE EEE E EE ETEESTST SSH SHSEEOSEESEE EES ESES ESE PFET HHEOSO HS OS HEEESESS ESOS EEE SESH SEER SEES 


Example 6 
Multiply: (4z — 2w)(4z + 2w) 


Solution 
(4z — 2w)(4z + 2w) = 1622 — 4w? 


ee rosceercesceesceeseseees 
PPO CO OOH OHO EH ORES EE EE OEE EE HOH OS OHO HESS EO SO EES EEEE ESE EO SEESESESE SEE EESESESE OS IF ESHES OSTEO SUSE TEESE EHHEEEESHOSEEESEHOOESHEH EOS SSSE OSS 


Example 7 
Simplify: (2r — 3s) 


Solution 
(2r — 3s)? = 4r? — 12rs + 952 





Example 8 

The length of a rectangle is (2x + 3) ft. 

The width is (x — 5) ft. Find the area of 
the rectangle in terms of the variable x. 


Strategy 

To find the area, replace the variables L 
and W in the equation A = L - W by the 
given values and solve for A. 


Solution 

A=L:-W 

A = (2x + 3)@ — 5) 
= 2x? — 10x + 3x — 15 
= 2x2 — 7x — 15 


The area is (2x? — 7x — 15) ft2. 


You Try It 6 
Multiply: (2a + 5c)(2a — 5c) 


Your solution 


You Try It 7 
Simplitya (Sx > 2y)- ag ee 


Your solution 


Solutions on p. S19 


You Try It 8 

The base of a triangle is (2x + 6) ft. The 
height is (x — 4) ft. Find the area of the 
triangle in terms of the variable x. 


y oo 


2x +6 


Your strategy 


Your solution 


Solution on p. S19 








fescr vou. 
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6.3 Exercises 


Objective A 


Multiply. 


foe 2) 


13. 


17. 


Zi. 


24. 


Ia ke 


30. 


3at(a= 2D) 


(3x04 — 7) 


(2x — 4)3x 


~xy(x? — y?) 


a 2d5—. 3a 2) 


in Ons 2) 


(a2 + 3a — 4)(—2a) 


—5x2(3x2 — 3x — 7) 


Objective B 


Multiply. 


10. 


14. 


18. 


335 (2 Bah 2 )it6l) 
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V3 yy) 3. =x + 7) 
4b(b + 8) 7. —5x2(x? — x) 
—y4(2y2 — v6) 11. 2x(6x? — 3x) 
(3y — 2)y 15. (3x + 4)x 
—xy(2xy — y2) 19. x(2x3 — 3x + 2) 


22, —biSbger 1b +235) 


25. 207 — 397 — Oye 7) 


DS Doe Da? esd ) 


31. xy(x? — 3xy + y?) 


345 (x2 = 2x + 7)@ —2) 


(2: 


16. 


20. 


yen) 


—6y°y + 2y2) 


3y(4y — y?) 


(2x + 1)2x 


V3 ae) 


23. x2(3x* — 3x2 — 2) 


26.0 4x 7(3k7 ea) 


DAS aN ISVS Se I) 


32. ab(2a* — 4ab — 6b?) 


35. (a2 — 3a + 4)(a — 3) 
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36. (x2 — 3x + 5)(2x — 3) 37. (—2b2 — 3b + 4)(b — 5) 38. (—a2 + 3a — 2)(2a — 1) 
39. (-2x2 + 7x — 2)(3x-—5) 40. (—a? — 2a + 3)(2a — 1) 41. («2 + 5)(x — 3) 

42. (y? — 2y)(2y + 5) 43, (x3 — 3x + 2)(x — 4) 44, Ce + 4y? — 8)Qy — 1) 
45. (5y2 + 8y — 2)(3y — 8) 46. (3y? + 3y — 5)(4y — 3) 47. (5a3 — 5a + 2)(a — 4) 


48. (3b3 — 5b2 + 7)(6b — 1) 49. (y3 + 2y2-3y + 1)(y+2) 50. (2a3 — 3a2 + 2a — 1)(2a — 3) 


Objective C 





Multiply. 
STS Ge + 1a 3) 525 yr 2) (yer) 53° @— 3)@ + 4) 54. (b — 6)(b + 3) 
550, (y +) —"8) 56. (& + 10)(x — 5) 57. (y— 7) — 3) 58. (a — 8)(a — 9) 


59. (2x + 1)(x + 7) 60. (y+ 2)(Sy+1) 61. (x —- 1) +4) 62" in a ee 


63. (4x — 3)(x — 7) 64. (2x — 3)(4x -—7) 65. (3y — 8)(y + 2) 66. (Sy — 9)(y +5) 


67. (3x + 7)(3x +11) 68. (5a+6)(6a+5) 69, 7a = 16)\Ga— 5) 70 .aa(sa 12)(3a — 7) 


71. 3a= 2b)Qa — 7b) 72. (5a — b)(7a — b) 73. (a — 9b)(2a + 7b) 
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74. (2a + 5b)(7a — 2b) 









T71. (5x + 12y)(3x + 4y) 


80. (Sx + 2y)(2x = 5y) 






Objective D 
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75. (10a — 3b)(10a — 7b) 


78. (ix +)2y)(3x + 7y) 


SI Sx. 3y ee Sy) 


., 83. What does it mean to square a binomial? 


@, 84. Why is (a + b)? not equal to a* + b?? 









Multiply. 


S52 >)Cy + 5) 


895 (a+ 1)? 


OS este 3% .4 7) 


97. (4 —- 3y)(4 + 3y) 


Objective E 
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86. 


90. 


94. 


98. 


(ver OCP="6) 87. 


(y — 3) 91. 


(94 — 2)(9x% + 2) BOS: 


(4x — 9y)(4x + 9y) 99. 


Application Problems 


OXF 3) 2a a3) 


(2a = sr 


(2a + b) 


(Sie )e 


101. The length of a rectangle is 5x ft. The width is (2x — 7) ft. Find the area 
of the rectangle in terms of the variable x. 


76. 


79. 


82. 


88. 


OZ 


96. 


100. 


102. The width of a rectangle is (x — 6) m. The length is (2x + 3) m. Find the 
area of the rectangle in terms of the variable x. 





(12a — 5b)(3a — 4b) 


(25 aly) 4a) 


(2x — 9y)(8x — 3y) 


(4x — 7)(4x + 7) 


(60-=75)2 
Carer 13) 
Og. 2op)A 


2x-7 
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103. The length of a side of a square is (2x + 1) km. Find the area of the 


square in terms of the variable x. Sat 





104. The length of a side of a square is (2x — 3) yd. Find the area of the square 
in terms of the variable x. 


105. The width of a rectangle is (3x + 1) in. The length of the rectangle | 
is twice the width. Find the area of the rectangle in terms of the, 3,.; 
variable x. 





106. The width of a rectangle is (4x — 3) cm. The length of the rectangle 
is twice the width. Find the area of the rectangle in terms of the 
variable x. 


107. The base of a triangle is 4x m, and the height is (2x + 5) m. Find the area 
of the triangle in terms of the variable x. 





108. The base of a triangle is (2x + 6) in., and the height is (x — 8) in. 
Find the area of the triangle in terms of the variable x. 


109. An athletic field has dimensions 30 yd by 100 yd. An end zone that is w 
yd wide borders each end of the field. Express the total area of the field 
and the end zones in terms of the variable w. 


110. A softball diamond has dimensions 45 ft by 45 ft. A base path bor-. 
der x ft wide lies on both the first-base side and the third-base side of the 
diamond. Express the total area of the softball diamond and the base 
path in terms of the variable x. 





APPLYING THE CONCEPTS 
Simplify. 
111° (4b)? —@— by D2. 1G? + aes 113. (a + 3)3 


114. a. What polynomial has quotient 3x — 4 when divided by 4x +_5? 
b. What polynomial has quotient x? + 2x — 1 when divided by 26432 


115. a. Add x? + 2x — 3 to the product of 2x — 5 and 3x + 1. 
b. Subtract 4x? — x — 5 from the product of x2 + x + 3 andx — 4, 
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Division of Polynomials 


VIDEO uth 
Objective A To divide polynomials Emel Co > ay» 


To divide two polynomials, use a method similar to that used for long division 
of whole numbers. To check division of polynomials, use 





Dividend = (quotient X divisor) + remainder 


™® Divide: (x2 + 5x — 7) + (x + 3) 


Step 1 x 4h et: 
203 Ngee Sie 7 Think: x )x2 : x 
ok axe | Multiply: x(x + 3) = x? + 3x 
2x — 7 SubtractsGc2.4- 5%) (xa ot) oe 
Bring down the —7. 
Step 2 Bee 
x+3)x24+ 5x —7 
eee 
Think: x) 2x = cae B 
25 = Tl K 
276 Multiply: 2(« + 3) = 2x +6 
= 115) Subtract: (20-87) — (24 0) — ale 


The remainder is — 13. 


Check: (Quotient)(divisor) + remainder 


= (= Det 3) + (— 13) = xt 3 2 + 6 — 13a eT 


if! 
ae 





(xe? + 5x4 —7)=@ 43) =x +2- 


6 — 6x? + 4x? 
=> Divide: —_—__ 
Divide ye 3 


Arrange the terms in descending order. Note that there is no term of x in 
4x3 — 6x2 + 6. Insert a Ox for the missing term so that like terms will be 


in the same columns. 


2x7 — 6x + 9 
2x +3)4x3-— 6x2+ Oxt+ 
4x3 + 6x? 
— 12x2+ Ox 
— 12x? — 18% 
18x + 6 
18x +27 


= 
Ager 6x SG" 21 


Da ae es 
2x +3 Seer 5s 3 
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Example 1 ie Try It 1 
_.. 12x? - 11x + 10 _.. 15x? + 17x — 20 
Divide: 7 oS ae Divide: ae +4 
Solution Your solution 
3x + 1 
4x — 5)12x2 — 11x +10 
12x? — 15x 
4x + 10 
4x aa 5 ys ~ 
15 
bape tix + 108 ee 15 
4g — 5 Take cet aa 
Example 2 ‘ "You Try It 2 
Divide: z } Divide: ase eae 
x+1 3x.— 1 
Solution Your solution 
x*- x+1 
x+1)x3 + Ox2 + 0x +1 e Insert zeros for 
x3 + x2 the coefficients of 
= ye Er the missing terms. 
ayy 2 f,. 
e3sr ih 
ge ae Al 
0 
3 
+ 
eee oe x+1 
x4 Il 
ee. : kezgogg 
Divide: Divide: ‘ 
(2x8 > Tae + 3x? + 4x = 5) = = 2x2) (3x4 — 11x? + 16x2 — 16x + 8) + (2 — 3x + 2) 
Solution Your solution 
2x7 -— 3x +1 


x? — 2x — 2) 2x4 — 7x3 + 3x2 + 4x — 5 
2x4 — 4x3 — 4x2 
oe et de 
— 3x3 + 6x2 + 6x 
x? —2x% —5 
x*—2x-—2 
ye) orm 
Ont 1x 3x2 + Ax — 5) = (42. = Dy = 2) 
he ate oe 
Ge = IE) 


Solutions on p. S19 
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To divide polynomials using synthetic division 





Synthetic division is a shorter method of dividing a polynomial by a binomial 
of the form x — a. 


™ Divide (3x? — 4x + 6) + (« — 2) by using long division. 





35 -+ 2 
x —2)3x2-—4x% +6 
3x2 — 6x 

2x + 6 

Dee — Ah 

10 
2 : 10 
(3x2 — 4x + 6) + @ — 2) =3x4+24 5 
ea 


The variables can be omitted because the position of a term indicates the power 
of the term. 





daw 

-2)3 -4 6 
3-6 

202% 

2-4 

10 


Each number shown in color above is exactly the same as the number above it. 
Removing the colored numbers condenses the vertical spacing. 


22 
—2)3) —4 6 
-6 -4 
el 


The number in color on the top row is the same as the one in the bottom row. 
Writing the 3 from the top row in the bottom row allows the spacing to be con- 
densed even further. 


=2|3 -4 6 
~6 =4 


3) 2 10 
Cae ea eee Ss, CES 
Terms of Remainder 


the quotient 


Because the degree of the dividend (3x? — 4x + 6) is 2 and the degree of the di- 
visor (x — 2) is 1, the degree of the quotient is 2 — 1 = 1. This means that, 
using the terms of the quotient given above, the quotient is 3x + 2. The re- 


mainder is 10. 


In general, the degree of the quotient of two polynomials is the difference 
between the degree of the dividend and the degree of the divisor. 


By replacing the constant term in the divisor by its additive inverse, we may 
add rather than subtract terms. This is illustrated in the following example. 
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= Divide: (3x3 + 6x2 — x — 2) + (« + 3) 


The additive inverse of the binomial constant 


Coefficients of the polynomial 
—————— ee 





=3 3 6 = 2 
b} e Bring down the 3. 
=o 5S 6 =f mv 
—9 <\ ® Multiply —3(3) and add 
3 —3 the product to 6. 
= 8 5 6 = p= 
mo. 9g ¢ Multiply —3(—3) and add 
3 —3 8 the product to —1. 
=3 3 6 1 —2 
a? y —24 e Multiply —3(8) and add 
3 —3 8 —26 the product to —2. 
Terms of Remainder 


| TAKE NOTE 


| Remember that you can 
_ check the answer to a 

| synthetic-division 

' problem in the same 

| way that you check the 
| answer to a long- 








the quotient 


The degree of the dividend is 3 and the degree of the divisor is |. Therefore, 
the degree of the quotient is 3 — | = 2. 





<TD SSPE ORES ONES 








26 
_ division problem. (3x3 + 6x2 —-x — 2) + (x + 3) = 3x2 — 3x + 8 — =e 
nan in aS eet | x 
= Divide: (2x? — x + 2). + @ = 2) 
The additive inverse of the binomial constant 
| Coefficients of the polynomial 
2 2, 0 =| 2 © Insert a 0 for the missing 
1 term and bring down the 2. 
5 
2 2 0 = | az 
4 © Multiply 2(2) and add the 
2 4 product to 0. 
z i 0 =i 2 
4 8 © Multiply 2(4) and add the 
D: 4 7 product to —1. 
2 2 0 ai 2 . 
4 8 14 © Multiply 2(7) and add the 
y) 4 7 16 product'to 2. 
ey e y) 


Terms of Remainder 
the quotient 


16 
Zi 


(28 —oi2) F(a = 2) = 2 ee 
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blithe hdl didi lle ah TM OUI OOO UCC OSC OOO OOO CO TOOICOOCOCOOOOOCOOOOCCCMTCey 
ee eee eee eet hc aceadto.e eee © SVS 818519 aia/ee 6a(9)06 ink 610/0\6 6 pieie'e 6/0 ¢ 610.610; 0\0'¢ sin M0 \0.0,0105 4.9.0 0 in'6/0 a0 cin oie eusieie 6,0 dee beje eeepc cccslciepe ch esieceeiseeeeee saveeseeossaeces 


Example 4 You Try It 4 

Divide by using synthetic division: Divide by using synthetic division: 
(7— 3x +°5x2)+ (x — 1) (8x + 6x2 — 5) + @& + 2) 

Solution Your solution 


Arrange the coefficients in decreasing 
powers of x: 


omens 7 
Se 








= 2249 
: = 9 
(5x2 — 3x + 7) + ( -—1)=5x+2+ 
= 
“Example 5 “You Try It5 
Divide by using synthetic division: Divide by using synthetic division: 
(2x3 + 4x2 — 3x + 12) + @+ 4) (See ID OS ears Mey) ao (GR SO) 
Solution Your solution 
—-4 |2 7 i) 12 
mie elo oe 
2 -4 13 —40 
(2x3 + 4x2 — 3x + 12) + & + 4) 
20 Ae 13 sd 
= r= — ax — 
: x+4 
: Example 6 “You Try It 6 a) 
Divide by using synthetic division: Divide by using synthetic division: 
(3x4 — 8x2 + 2x + 1) + (x + 2) (Chit ch eRe the aA rar tee 1) 
Solution Your solution 


Insert a zero for the missing term. 


<9 aime (the ete, Z 1 
Ora eee 2 


3-6 4 -6 13 
(3x4 — 8x2 + 2x + 1) + (& + 2) 
13 
Gey 





= 3% On + 4x Ot 


Solutions on p. S19 
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Objective C 


ap “ pe f a er ¢ o ” 
ee OCU OO SOO SOOO er ecccesescsescscee Serre essere recescecooeimeoe 
= i r ; 








To evaluate a polynomial 
using synthetic division 





Ww 
VIDEQ= nnn 
ee 
3° TUTOR WEB SSM 


A polynomial can be evaluated by using synthetic division. Consider the poly- 
nomial P(x) = 2x4 — 3x3 + 4x? — 5x + 1. One way to evaluate the polynomial 
when x = 2 is to replace x by 2 and then simplify the numerical expression. 
P(x) = 2x4 — 3x3 + 4x? —- 5x 4+ 1 

P(2) = 2(2)* — 3(2)3 + 4(2)2 — 5(2) + 1 


= 2(16) — 3(8) + 4(4) — 5(2) + 1 imalis? 
= Oh ee — Si) Sea 
= 15 


Now use synthetic division to divide (2x4 — 3x3 + 4x2 — 5x + 1) by (x — 2). 





2 2 = 3) 4. 5) 1 

4 2 y 14 

2 1 6 Ez, 15 
Terms of Remainder 


the quotient 


Note that the remainder is 15, which is the same value as P(2). This is not a 
coincidence. The following theorem states that this situation is always true. 


Remainder Theorem 


If the polynomial P(x) is divided by x — a, the remainder is P(a). 





™ Use the Remainder Theorem to evaluate P(x) = x4 — 3x2 + 4x — 5 when 
RS 2: 


(ew Ls value at which the polynomial is evaluated 


=2 il 0 1 4 = © A Ois inserted for the x? term. 
—=2 4 =D =a) 
1 =2 1 2: —9<—— The remainder 
P(—2) = -9 


Cec rcorereccescccccecccccscsece 
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6.4 Exercises 


CO] e} (=n hw | 
Divide by using long division. 


ie (x? + 3x — 40) + @ — 5) 


3. (= 3x2 +2) + & — 3) 


Be (6x* + 13x + 8) + (2x 4+ 1) 


ee Oe Oe 5 a (206 = 1) 


eax 9) =" 2% — 3) 


Pio 1325 4) + (2x? = 5) 


—10 — 33x + 3x° — 8x’ 


ee 3x +1 


x3 — 5x? + 7x — 4 


15. rae 


17. ia 


10. 


12. 


14. 


16. 


18. 
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(x? — 14x + 24) + @-— 2) 


(4x2 = 8) (+4) 


Cia 13x 914 eax 2) 


(18x? — 3x_+ 2) = (Gx + 2) 


(64x3 + 4) + (4x + 2) 


Ci2n hives 10) (Gx!) 


10 — 49x + 38x? — 8x? 
14x 


2x3 — 3x7 + 6x + 4 
xml 





x — 2x2 + 5x3 + 3x4 - 2 
x+2 
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2x? AN — K+ 2 


19. 
x7 + 2% —1 


x4 + 2x? — 3x* -— 6x +2 


PA ke 5 
xo = 2 = 1 


x + 3x? — 44 +5 


23. 
x7+2x+3 


Objective B 





Divide by using synthetic division. 


Bo 2N 0%) 8) (ee 1) 


27. (3x? — 14x + 16) + @ — 2) 


29). (3x? = 4) = (x — 1) 


31. (203-2? + 6x + 9) + @ + 1) 


33. (18 + x — 4x3) + (2 —x) 


35. (2x3 + 5x? — 5x + 20) = G@ +4) 


3x3 — 2x? + 5x —4 


20 oe ee 

A ements 
x +x-—3 

on x* pe Se 


26. (3x7 + 19% 20) 3G 5) 


28. (4x? — 23x + 28) + (& — 4) 


30. (4x? — 8) + (x — 2) 


32. (3x3 + 10x? + 6x — 4) = (xe + 2) 


34. (12 — 3x2 + x3) + (x + 3) 


‘ 


36. (Sx? + 3x? = 17x + 6)es Ca 
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Section 6.4 / Division of Polynomials 


ogy 5 + 5x — 8x? + 4x3 — 3x4 A 3 — 13x — 5x* + 9x? — 2x4 
2-x ‘ 3-x 
a6. 3x4 + 3x9 — x? + 3x42 ri 4x4 + 12x23 — x? -—x +2 
ee eae | x+3 
452A gn Tee 
AL. DX Se 2 45: 5 3x 30 
R= Ss x+2 


Objective C 
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43. If the polynomial 2x? — 3x?- 4x -—15 is divided by x — 3 
remainder is 0, what do we know about f(3) for the 
f(x) = 2x3 — 3x? — 4x — 15? 


44. If the polynomial 3x*— 8x?+2x+1 is divided by x +2 
remainder is 13, what do we know about f(—2) for the 
Pen 3x) — 8x2 + 2x 4 1? 


Use the Remainder Theorem to evaluate the polynomial. 


AS. PO) = 2x2 = 3x = 15:P(3) 


47. R(x),= x3 — 2x2 + 3x — 1; RA) 48. FQ) = 402 — 3x7 2; £3) 


A9. PG) = 22. — 427 +32 — 1; P(-2) 50. R(t) = 323 + 2 — 4t + 2; R(-3) 


SiveZp = 2p? p72 + 3; Z(-—3) 


and the 
function 


and the 
function 


46.. O(@) =8x2 —5x = 1; OQ) 


S23 2)? 9 RE 2) 
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53. 


Soe 


57. 


59. 


61. 


63. 
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Q(x) = x4 + 3x3 — 2x2 + 4x — 9; O(2) 


F(x) = 2x* — x3 + 2x — 5» F(—3) 


Px) =x? — 3° P(5) 


R(t) = 4t* — 322 + 5; R(-3) 


Q(x) = x° — 4x3 — 2x2 + 5x — 2; O(2) 


R(x) = 2x5 — x3 + 4x = 1; R(-2) 


APPLYING THE CONCEPTS 


65. 


66. 


67. 


68. 


Divide by using long division. 
a’+b? b oy 
at+b " x+y 





For what value of k will the remainder be zero? 
aon (> x nan ek) = (xe 48) 


Divide. 
as (x7cr 1x? = 2x — 8) = (Ax 4-8) 


54. 


56. 


58. 


60. 


62. 


64. 


b. 


b. 


Y@) =24 — 222 32 7 a VCS) 


O(x) = x* — 2x3 + 4x — 2; O(-2) 


S(t) = 483 + 5; S(-4) 


‘\ x 


DG) ee eo PA) 


T(x) = 2x9 + 4x4 — x? + 4-773) 


P(x) = 2° = 33 +erde +1; P38) 


x® — y® 





5B a= WV 


(2x3 -x +k) +(x —1) 


(4x2 1342 2224) Ge 12) 


c. (2x4 — 3x? + 4x2 + x — 10). = (2 — x +1) d. (x4 + 4x3 + 2x? — x 4.5) + (x2 — 2x — 3) 


Show how synthetic division can be modified so that the divisor can be of 


the form ax + b. 
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3 mi 
15,840 ft 


2m 
ro oe 


10 cm 
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€ Focus on Problem Solving 


Dimensional 
Analysis 


3m 






3 cm 


(3x + 5) in. 


1 mi 
5280 ft 


In solving application problems, it may be useful to include the units in order to 
organize the problem so that the answer is in the proper units. Using units to 
organize and check the correctness of an application is called dimensional 
analysis. We use the operations of multiplying units and dividing units in apply- 
ing dimensional analysis to application problems. 


The Rule for Multiplying Exponential Expressions states that we multiply two 
expressions with the same base by adding the exponents. 


x4. x6 = x4t+6 = x10 


In calculations that involve quantities, the units are operated on algebraically. 


=> A rectangle measures 3 m by 5 m. Find the area of the rectangle. 
A = LW = (3 m)(65 m) = (3: 5)(m- m) = 15 m? 


The area of the rectangle is 15 m* (square meters). 


=> A box measures 10 cm by 5 cm by 3 cm. Find the volume of the box. 
V = LWH = (10 cm)(5 cm)@ cm) = (10-5 - 3)(em : cm: cm) = 150 cm? 


The volume of the box is 150 cm? (cubic centimeters). 


=> Find the area of a square whose side measures (3x + 5) in. 
AS 52 =x 45) in? = Be 5) in? = (x2 + 300x425) ine 


The area of the square is (9x? + 30x + 25) in* (square inches). 


Dimensional analysis is used in the conversion of units. 


The following example converts the unit miles to feet. The equivalent measures 
1 mi = 5280 ft are used to form the following rates, which are called conversion 


1 mi 5280 ft 


factors: re and ase 


Lmi_ gq 5280 ft 
SSO fee eulan 


. Because 1 mi = 5280 ft, both of the conversion factors 








are equal to 1. 


; ; ; ; 5280 ft 
To convert 3 mi to feet, multiply 3 mi by the conversion factor a: 





.  34ni Bezeore _ 3 mat - 5280 ft _ 3 | a 
3omi =| 3) Bee aS i Bai =3= 5280 1t=allo, o40cm 


There are two important points in the above illustration. First, you can think of 
dividing the numerator and denominator by the common unit “mile” just as you 
would divide the numerator and denominator of a fraction by a common factor. 


Second, the conversion factor ore is equal to 1, and multiplying an expression 
; mi 


by 1 does not change the value of the expression. 
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In the application problem that follows, the units are kept in the problem while 


the problem is worked. 


"In 2000, a horse named Fusaichi Pegasus ran a 1.25-mile race in 2.02 min. 
Find Fusaichi Pegasus’s average speed for that race in miles per hour. Round 


to the nearest tenth. 


d : 
Strategy To find the average speed, use the formula r = rc where r is the 


speed, d is the distance, and ¢ is the time. Use the conversion 


60 min N's 


factor th 


j _d_ 1.25mi _ 1.25mi 60min 
Polution (55-9 Ooi oO OER aE 


” 75 mi 
5020 








~ 37.1 mph 


Fusaichi Pegasus's average speed was 37.1 mph. 


Try each of the following problems. Round to the nearest tenth. 


1. 


Ze 


3. 


10. 


11. 


Convert 88 ft/s to miles per hour. 
Convert 8 m/s to kilometers per hour (1 km = 1000 m). 


A carpet is to be placed in a meeting hall that is 36 ft wide and 80 ft long. At 
$29.50 per square yard, how much will it cost to carpet the meeting hall? 


. A carpet is to be placed in a room that is 20 ft wide and 30 ft long. At $32.25 


per square yard, how much will it cost to carpet the area? 


. Find the number of gallons of water in a fish tank that is 36 in. long and 


24 in. wide and is filled to a depth of 16 in. (1 gal = 231 in3). 


- Find the number of gallons of water in a fish tank that is 24 in. long and 


18 in. wide and is filled to a depth of 12 in. (1 gal = 231 in3). 


1 
- A Z-acre commercial lot is on sale for $2.15 per square foot. Find the sale 


price of the commercial lot (1 acre = 43,560 ft2). 


- A0.75-acre industrial parcel was sold for $98,010. Find the parcel’s price per 


square foot (1 acre = 43,560 ft2). 


- A new driveway will require 800 ft? of concrete. Concrete is ordered by the 


cubic yard. How much concrete should be ordered?. ; 


A piston-engined dragster traveled 440 yd in 4.936 s at Ennis, Texas, on 
October 9, 1988. Find the average speed of the dragster in miles per hour. 


The Marianas Trench in the Pacific Ocean is the deepest part of the ocean. 
Its depth is 6.85 mi. The speed of sound under water is 4700 ft/s. Find the 


time it takes sound to travel from the surface to the bottom of the Marianas 
Trench and back. 
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a Projects and Group Activities 


Pascal's Triangle 





athematicians in China 
probably as early as A.D. 1050. 
But Pascal’s Traite du triangle 
arithmetique (Treatise 
Concerning the Arithmetical 
Triangle) brought together all 
the different aspects of the 
numbers for the first time. 


1 4 1 
10 yw 
1 lee 2001S. 6, I 


Why 


WEB 





Simplifying the power of a binomial is called expanding the binomial. The expan- 
sion of the first three powers of a binomial is shown below. 


(a + b)} 


a+b 


(a + b)* 


(a+ b)a+b) =a? + 2ab + b? 
(a +b)? = (a+ ba + b) = (a2 + 2ab + b2)(a + b) = a3 + 3a*b + 3ab? + b3 
Find (a + b)*. (Hint: (a + b)4 = (a + _b)3(a + b)] 
Find (a + b)°. [Hint: (a + b)> = (a + bya + BD) 
If we continue in this way, the results for (a + b)® are 
(ab)? at Gabi Wba4*b? + 20atbe N5a2b* 4 6ab? 4. be 


Now expand (a + b)8. Before you begin, see whether you can find a pattern that 
will help you write the expansion of (a + b)§ without having to multiply it out. 
Here are some hints. 


1. Write out the variable terms of each binomial expansion from (a + 5b)! 
through (a + b)®. Observe how the exponents on the variables change. 

2. Write out the coefficients of all the terms without the variable parts. It will be 
helpful to make a triangular arrangement as shown at the left. Note that each 
row begins and ends with a 1. Also note (in the two shaded regions, for ex- 
ample) that any number in a row is the sum of the two closest numbers above 
it. For instance, 1 + 5 = 6and 6 + 4 = 10. 


The triangle of numbers shown at the left is called Pascal's Triangle. To find the 
expansion of (a + b)8, you need to find the eighth row of Pascal's Triangle. First 
find row seven. Then find row eight and use the patterns you have observed to 
write the expansion (a + b)?®. 


Pascal's Triangle has been the subject of extensive analysis, and many patterns 
have been found. See whether you can find some of them. You might check 
the Internet, where you will find some web sites with information on Pascal's 
Triangle. 


Chapter Summary 


A monomial is a number, a variable, or a product of a number and variables. The 
degree of a monomial is the sum of the exponents of the variables. [p. 329] 


An exponential expression is in simplest form when it is written with only positive 
exponents. [p. 332] 


A number written in scientific notation is a number written in the form 
a X 10", where 1 <a < 10. [p. 335] 
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A polynomial is a variable expression in which the terms are monomials. A poly- 
nomial of two terms is a binomial. A polynomial of three terms is a trinomial. The 
degree of a polynomial is the greatest of the degrees of any of its terms. A poly- 
nomial in one variable is usually written in descending order, which means that 
the terms are arranged so that the exponents of the variable decrease from left 
to right. [p. 341] 


A polynomial function is an expression whose terms are monomials. A 
linear function is given by the equation f(x) = mx + b. A second-degree 
polynomial function, called a quadratic function, is given by the equation 
f(x) = ax? + bx + c, a # 0. A third-degree polynomial function is called a cubic 
function. The leading coefficient of a polynomial function is the coefficient of 
the variable with the largest exponent. [p. 341 | 


The product of two binomials can be found using the FOJL method, which is 
based on the Distributive Property. The letters of FOIL stand for First, Outer, 
Inner, and Last. [p. 350] 


Synthetic division is a shorter method of dividing a polynomial by a binomial of 


the form x — a. This method uses only the coefficients of the variable terms. 
[p. 359] 


Rule for Multiplying Exponential Expressions ae Bi a 
[p. 329] 


Rule for Simplifying Powers of 2 
Exponential Expressions [p. 330] Ot = 78 


Rule for Simplifying Powers of Products [p. 330] (x™y")P = xmpynp 


Definition of Zero as an Exponent [p. 331] Thi 20 sthen vo a1) 
Definition of a Negative Exponent [p. 332] et = and “ss = x", 
5 x 
x #0 


Rule for Dividing Exponential Expressions [p. 333] 2 = hx 0) 
4% 





m\p m ; 
Rule for Simplifying Powers of Quotients [pusozil (=) =- = y #0 
ya ye 
The Sum and Difference of Two Terms [p. 351] (a+ b)a — b)=a2— b2 
The Square of a Binomial [p. 351] (a + b)? = a2 + 2ab + b?2 
Remainder Theorem [p. 362] If the polynomial P(x) is 


divided by x — a, then the 
remainder is P(a). 


alana acca ic ICS 2° 2 C'S ° 2/50, 0/8:8/916)8:6'6)9,8)9)81€ 8)s)6,0/4)6\n 0)! s)0,9:0 0 8i6.s\0\0 1019's 8\6/e10.010'410,0'80 cin Sib. ¥las.s/20.9 0.6 baaise'a aisle’ Cues eanidisies aed uiecusimaacdcacecaeececd ate 


Dividend = (quotient x divisor) + remainder [p. 357] 
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it. 


13. 


15. 


& Chapter Review 


Multiply: (—2a2b*)(3ab?) 


Qa*bc*) 


Given P(x) = 2x3 — x + 7, find P(—2). 


Simplify: (2x~1y2z5)(—3x3yz~-3)? 


Graph: f(x) = x? + 1 





Use the Remainder Theorem to evaluate 
Poy = 2 = 272 3x-— 5 when x = 2. 


Multiply: 2ab3(4a? — 2ab + 3b?) 


Multiply: (5a — 7)(2a + 9) 
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2.. Simplify:(-—342y7)- 


4. Write 2.54 x 10-3 in decimal notation. 


6. Subtract: (525 — 81a) bai oy) 


8. Multiply: (2a!*b3)(—9b?c*)(3ac) 


10. Identify (a) the leading coefficient, (b) the 
constant term, and (c) the degree of the 
polynomial P(x) = 3x° — 3x? + 7x + 8. 


12S Multiply: — 2x42 i) 


14. Multiply: (3y? + 4y — 7)(@y + 3) 


16. Write 0.000000127 in scientific notation. 


372 


i. 


19. 


PA 


23: 


Pa 


27. 


29. 


30. 


31. 


32. 


33; 
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Simplify: (Sy — 7) 


4x? + 27x* + 10x + 2 


Divide: 
ivide m2 


Write 8.1 < 10° in decimal notation. 


Multiply: (5a + 2b)(5a — 2b) 


Add: (12y?.+ 17y — 4) + (Qy? — 13y + 3) 


Multiply: (a + 7)(a — 7) 


18. 


20. 


22. 


24. 


26. 


28. 





Nae 15x? + 2x —2 
ivide: iis 
_., x= 4 
Divide: aaa 
i eee 
Simplify: 77a3b4 
Use the Remainder Theorem to evaluate 


P(x) = 2x7 2x" = 4 when 3) 


Multiply: (6b3 — 2b? — 5)(2b2 — 1) 


Write 765,000,000,000 in scientific notation. 


The length of a Ping-Pong table is 1 ft less than twice the width of the table. 
Let w represent the width of the Ping-Pong table. Express the area of the 


table in terms of the variable w. 


The most distant object visible from Earth without the aid of a telescope is 
the Great Galaxy of Andromeda. It takes light from this galaxy 2.2 x 10° 
years to travel to Earth. Light travels about 6.7 x 108 mph. How far from. 
Earth is the Great Galaxy of Andromeda? Use a 365-day year. 


Write the number of seconds in one week in scientific notation. 


The length of a side of a square checkerboard is (3x — 2) in. Express the 
area of the checkerboard in terms of the variable x. 


The length of a rectangle is (5x + 3) cm. The width is (2x — 7) cm. Find the 
area of the rectangle in terms of the variable x. 
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11. 


13. 


@ Chapter Test 


Multiply: 2x(2x2 — 3x) am, 


Simplify: a 4. 
Divide: (x? + 1) + + 1) 6. 
Simplify: (—2a7b)? 8. 
Multiply: (a — 2b)(a + 5b) 10. 
Divide: G2 — 6% — 7) + & — 1) 12. 
Multiply: (—2x? + x? — 7)(2x — 3) 14. 


Chapter Test 373 


Use the Remainder Theorem to evaluate 
P(x) = —x3 + 4x — 8 whenx = —2. 


Simplify: (—2xy?)(3x2y4) 


Multiply: @ —-3)@?— 4x +5) 


(xg ve)s 
oxy 


Simplify: 


Given P(x) = 3x2 — 8x + 1, evaluate P(2). 


Multiply: —3y?(—2y? + 3y — 6) 


Simplify: (4y — 3)(4y + 3) 


374 


15. 


7; 


19. 


21. 


De 


24. 


25. 


Chapter 6 / Polynomials 


: . 2a 'b 
Simplify: (ab?)(a2b>) 16. Simplify: os rE 
ee 208 bs (a4l 3y e) e ee 
Simplify: “7 =a =1 18. Subtract: (3a me 7) (5a? + 2a ) 


x? — 2x? —5x +7 


Simplify: (2x — 5)? 20. Divide: ae 


Multiply: (2x — 7y)(5x — 4y) 22. Add: (3x? — 2x? — 4) + (8x2 = 8x + 7) 


Write 0.00000000302 in scientific notation. 


The mass of the moon is 3.7 X 10-8 times the mass of the sun. The mass of 


the sun is 2.19 X 10?7 tons. Find the mass of the moon. Write the answer in 
scientific notation. 


The radius of a circle is (x — 5) m. Use the equation A = mr2, where r is the 
radius, to find the area of the circle in terms of the variable x. Leave the 
answer in terms of 7. 
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11. 


13. 


These 


7: 


19. 


e Cumulative Review 


Let x € {—8, —3, 3}. For what values of x is 
the inequality x = —3 a true statement? 


Simplify: 8 — 2[-3 





(Re 4 


Simplify: —5V 300 


Simplify: 2x — 4[x — 2(3 





23x) + 4] 


Solve: 8x — 3 —x = -6+ 3x -— 8 


Given Pit) = 3x%-— 2x +2, find P(=2Z). 


Find the slope of the line containing the 
points (—2, 3) and (4, 2). 


Find the equation of the line that contains 
the point (—2, 4) and is perpendicular to the 
line 3x + 2y = 4. 


Solve by the addition method: 
Cyr e = 0 
Us aaiagt roe tas oh 
=~ dye 227= 5 


Multiply: (27. 3)(2%-— 3x + 1) 


10. 


12. 


14. 


16. 


18. 


20. 


375 


Cumulative Review 


Find the additive inverse of 83. 


— when a = 4, b = —2, andc = 6. 





Evaluate 


Identify the property that justifies the state- 
tment 2x -= (—2x)i= 0: 


2 5 
Solve Fay ="= 
OU apa Wat, 
Solve: 3'= (2) 3x) = 2 


Is the relation {(—1, 0), (0, 0), (1, 0)}.a function? 


Find the equation of the line that contains 


the point (—1, 2) and has slope -5. 


Solve by using Cramer's Rule: 
2 oy 2 
xy 3 


Simplity: =24 = (ay), 7x ay 


Write the number 0.00000501 in scientific 
notation. 
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21. Graph: 3x — 4y = 12 22. Glaply = oc: ey eee 
y a y 
4 ah i. 
i 2 
249 =>) 0] 020) 4 











=A iad 
23. Solve by graphing: 24. Graph the solution set: 
ey 5 2x ky m2 
eke Wins = O0 2y 6 











(Sra ae 


yg? 


25. Simplify: (4a~2b3)(2a3b-!)-2 26. Simplify: 


27. The sum of two integers is twenty-four. The difference between four times 
the smaller integer and nine is three less than twice the larger integer. Find 
the integers. 


28. How many ounces of pure gold that costs $360 per ounce must be mixed 
with 80 oz of an alloy that costs $120 per ounce to make a mixture that 
costs $200 per ounce? 


29. Two bicycles are 25 mi apart and traveling toward each other. One cyclist is 
traveling at 1.5 times the rate of the other cyclist. They meet in 2 h. Find the 
rate of each cyclist. 


30. If $3000 is invested at an annual simple interest rate of 7.5%, how much 
additional money must be invested at an annual simple interest rate of 10% 
so that the total interest earned in one year is 9% of the total investment? 


31. The graph shows the relationship between the distance traveled 
and the time of travel. Find the slope of the line between the two 


points on the graph. Write a sentence that states the meaning of 
the slope. 








AG, 100) 
32. The width of a rectangle is 40% of the length. The perimeter of the : 
rectangle is 42 m. Find the length and width of the rectangle. 





Distance (in miles) 
a 
Oo 


0 <7) Soimeait as de econ 
Time (in hours) 


33. The length of a side of a square is (2x + 3) m. Find the area of the 
square in terms of the variable x. 
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Section 7.1 

A. To factor a monomial from a polynomial 

B To factor by grouping 

Section 7.2 

A To factor a trinomial of the form x2 + bx +c 
B To factor completely 

Section 7.3 


A. To factor a trinomial of the form ax? + bx + ¢ 
' by using trial factors 


8 To factor a trinomial of the form ax2 + bx +c 
by grouping 


Section 7.4 


(A To factor the difference of two perfect squares 
or a perfect-square trinomial 


8 To factor the sum or the difference of two 





cubes Coordinating the position of each skydiver in a jump involves 
C To factor a trinomial that is quadratic in form a lot of careful planning. Position within the “pattern” is 
D To factor completely determined by when and where each chute is deployed, 

oo which is further dependent upon each diver's velocity during 
Section 7.5 free fall. Factors such as the initial altitude of the jump, the 
A To solve equations by factoring size of the parachute, and the weight and body position of 
5 To solve application problems the diver affect velocity. The velocity of a falling object can 


be modeled by a quadratic equation, as shown in 
Exercises 72 and 73 on page 417. 


\ 
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wi" Need help? For on-line student resources, such as section 
quizzes, visit this textbook’s web site at 
WEB college.hmco.com/students. 
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Objective A To factor a monomial from a polynomial 


SSB ALSAGER GROANS EERIE SIRO 


[TAKE NOTE 


2x? + 10x is a sum. 
—2x(x + 5) is a product. 
When we factor a 
| polynomial, we write it 
as a product. 










TAKE NOTE 


At the right, the factors 
in parentheses are 

| determined by dividing 
' each term of the tri- 

| nomial by the GCF, 5x. 


1 


| 


: 


iH 
eRe PONCE NCU NNLORR STOT T RERTE SEAT MLTR ORE TS 


Common Factors 


The greatest common factor (GCF) of 
two or more monomials is the product 
of the GCF of the coefficients and the 
common variable factors. 


Note that the exponent of each variable 
in the GCF is the same as the smallest 
exponent of that variable in either of the 
monomials. 


=> Find the GCF of 12a*b and 18a2b2c. 


The common variable factors are a? 
and b; c is not a common variable 
factor. 


To factor a polynomial means to write 
the polynomial as a product of other 
polynomials. 
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Oey 2) 8 Peel ey 
8x24y2=2-2:2-xex-yry 
GOR =) 0 es yey 


The GCF of 6x3y and 8x2y? is 2x2y. 


12b =O 3a 
18a2b2c = 2-3-3-q2-b?- 
GCF =2-3-a@-b= ee 


jeer ama co 


oe Factors 
2x2 + 10x 2x(x >) 


eee Factor ae 


In the example above, 2x is the GCF of the terms 2x? and 10x. It is a common 


factor of the terms. 


#> Factor: 5x? — 35x? + 10x 


Find the GCF of the terms of the polynomial. 


bee = 5? 35x42 = 5 - 7 x 
The GCF is 5x. 


Oke = De 5 ox 


Rewrite the polynomial, expressing each term as a product with the GCF as 


one of the factors. 


5x3 — 35x2 + 10x = 5x(x2) + 5x(—7x) + 5x(2) 


= 5x02 = 7x + 2) 


¢ Use the Distributive Property 
to write the polynomial as a 
product of factors. 
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eeccceecee 
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Example 1 You Try It 1 
Factor: 8x? + 2xy Factor: 14a? — 21a4b 
Solution Your solution 


The GCF is 2x. 


8x? + 2xy = 2x(4x) + 2x(y) 
= 2x(4x + y) 





A 
Example 2 ‘You Try It 2 
Factor: n3 — 5n2 + 2n Factor: 27b2 + 18b + 9 
Solution Your solution 
The GCF is n. 
n3 — 5n* + 2n = n(n?) + n(—5n) + n(2) 
= n(n? — 5n + 2) 

Example 3 Se Try It 3 
Pactorloxcy + 18xy* = i 2x4 Pactor: 6x72 — Oxo 12x98 
Solution Your solution 
The GCF is 4x?y. 
6x2) a ary 1 Dx *y> 

= 4x2y(4) + 4x2y(2x2y) + 4x2y(—3x2y4) 

= 4x*y(4 + 2x2y — 3x2y4) 

ee 3 a ee ee 

Factor: x2” — 2x3” Factor: a” +4 + q?2 
Solution Your solution 
The GCF is x3”. 
x5n — 2x3n = x3n(x2n) — x3n(2) a? 


= x30(x¢2n = 2) 


Solutions on p. S20 
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Objective B To factor by grouping 
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ie Whe 
TOR SsM 






TU 





In the examples at the right, the binomials in 2G) 
parentheses are called binomial factors. 3xy(x — y) 


The Distributive Property is used to factor a common binomial factor from an 
expression. 


The common binomial factor of the expression 6x(x — 3) + y2(x — 3) is (x — 3). 
To factor that expression, use the Distributive Property to write the expression as 
a product of factors. 


6x( = 3) hy? — 3) = @ = 3)(6x + yy?) 


| a t 





Consider the following simplification of —(a — b). 
=(@4= 6) = —l@ —b)=-a+b0=b-—a4a 


Thus, b-a=-—(a-b) 


This equation is sometimes used to factor a common binomial from an 
expression. 


™ Factor: 2x(x-—y) + 5(y — x) 


2 — ye Oe a) = 2x =) =— Se ay) © 5(y — x) = 5[(—1)(x — y)] 
sian) (2k a 5) = —§(x — y) 


Some polynomials can be factored by grouping terms in such a way that a 
common binomial factor is found. 


=> Factor: ax + bx — ay — by 


ax + bx — ay — by = (ax + bx) — (ay + by) © Group the first two terms and 
the last two terms. Note that 


—ay — by = —(ay + by). 
= x(a 4b) — ya +b) © Factor the GCF from 
=(a Hb)@— y) each group. 


=> Factor: 6x2 — 9x — 4xy + 6y 


6x2 — Ox — 4xy + by = (6x? — 9x) — (4xy — by) * Group the first two terms and 
the last two terms. Note that 


—4xy + by = —(4xy — 6y). 
= 3x(2x — 3) — 2y(2x — 3) © Factor the GCF from 
= (2x 3)(3% — 2y) each group. 
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Gee 5 You Try It 5 
Factor;4x(Gx = 2) — 7(3x— 2) Pactor2y (5% 2) 3.2) 
Solution Your solution 





Ax(3xi= 2) =17(3x = 2) 
== (3x (2 (Ae Sap) 


ime 6 ke Try It 6 

actor 9x* = 15x = oxy 41 0y Factor: a*= 3a + 2ab = 6D 
t 

Solution Your solution 
ie Oe Oxy LOY 

MOV lox) (Orye al 0y)) 

= 94(3% = 5) — 2y(3x 5) 

oe =e oy) 
Example 7 ia Try It 7 
Factor 3x77 = 44. 15xy + 20 Factor: 2niua* — 1 Sinn 4 
Solution Your solution 
3x79 — 4x — 15xy-- 20 

= (3x2y — 4x) — (15xy — 20) 

= <(32y = 4) — S3xy — 4) 

= Oxy = 4) er) 

a : a ee 
Factor: 4ab — 6 + 3b — 2ab? Factor 3xy — 9y 112) 43 4a7, 
Solution Your solution 
4ab — 6 + 3b — 2ab? 

= (4ab — 6) + (3b — 2ab?) 
= 2(2ab — 3) + b(3.— 2ab) rr. 


= 2(2ab = 3) —b(2ab — 3) 
= Qab™= 3)\(2=p) 


Solutions on p. S20 
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Objective A 


7.1 Exercises 





Factor. 


1. 5a+5 


6. 16a — 24 


11. 3a? + 5a5 


16. 3y4 — 9y 


21 eye = XY 


12. 


17. 


22: 


26. 3x? + 6x2 + 9x 


B02 2x? + 6x7 — 14x 


Bae y — sxey* + Txy? 


37. 4b> + 6b2 = 12b 


40. x2" — x" 


43. vee au vee 


1o—7 


30a — 6 


Ox — 5x2 


10x* — 12x? 


a*b? + ab 


27. 5y3 — 20y2 + 10y 


31. 3y° — 9y* + 24y 


35. 


38. 


41. 


44. 


a. 16— 84- 


8. 20b4+5 


13. 14y2 + 1ly 


18. 12a5 — 32a? 


235 3h Oxy 


Da baa D2 iiabe 


3a2b2 — Yab2 + 15b2 


Jqon ak q2n 


qn see, ak az 


14. 


19. 


24. 


Section 7.1 / Common Factors 


12e6 1292 


7x? — 3x 


603507 


8a’ — 4a 


12a2b> — 9ab 


28. 2x* — 4x3 + 6x2 29. 


S242) oye t aye 33. 


383 


by eke ae iy 


10. 12y2 — 5y 


15. 2x*- 4 


20. 16y4 — 8y7 


25 meray aye 


37 — Ovi Oye 


6a° — 3a? — 2a? 


36, .5y7id LOy4 =e 25y 


39. 8xtye — 4x-y 4 


42. x3" — x2n 


45. bn+5— 55 


384 
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Objective B 





Factor. 

46. x(b+ 4) + 3(b + 4) 47. via Zz) 7 (Geeta) 48. aly — x) ova) 

49. 3r(a — b) + s(a —b) 50, 4 2) ve) 51. tim — 7) + 7(7 —m) 
BPs yb +7) 53. 2y(4a — b) — (b — 4a) 84, 8c(2m — 3n) + Gn 2m) 
Dome nek + Dey 4 BG. X* — 3x + 4axn — 124 DWE Gio aaah Ci geees tary 

58.505 4 4 — st — 45 59. ab + 6b —'4a — 24 602 xy 37x A 
Olea = yz 6252 MOVE ky 558 63. 872 — 12vy + 14 — 214 
64. 21x? + 6xy — 49x — 14y OB 2 ee OL wy) 66. 4a? + 5ab — 10b — 8a 

67.. 3y7— 6y — ay > 2a OS Tdi eer 69. By = Ve Vk 

70. 2ab — 3b2 — 3b + 2a Tihs BIAS IP Sas = a3 72. 4x* + 3xy — 12y — 16x 


APPLYING THE CONCEPTS 


TBY 


74. 


A whole number is a perfect number if it is the sum of all of its factors less 
than itself. For example, 6 is a perfect number because all the factors of 6 
that are less than 6 are 1, 2, and 3, and 1 + 2 +3 = 6. 

a. Find the one perfect number between 20 and 30. 

b. Find the one perfect number between 490 and 500. 


Write the area of the shaded portion of each diagram in factored form. 


a. Se b. y 












o 
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Factoring Polynomials of the 
Form x? + bx +c 


To factor a trinomial of the form x2 + bx + ¢ 








7.2 





Trinomials of the form x2 + bx + c, where Ke te OX ete 2 at Ocean WD 
b and c are integers, are shown at the ae 1 12 pe ete 
right. a te Spe 2S 


To factor a trinomial of this form means to express the trinomial as the product 
of two binomials. 


Trinomials expressed as the product of bi- xe + 8x +0] 206) (42) 
nomials are shown at the right. Ke = 1 hee ee) en) 
me = 2h-— 1. = (ee ee) 


The method by which factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the 
constant terms of the binomials and the terms of the trinomials. 


(x + 6) + 2) =x? + 2x + 6x + (6)(2)= x? + Bx + 12 


i sum of 6 and 2 
The signs in product of 6 and 2 
the binomials 
th , 
iol dialed (x — 3)(@ — 4) = x? — 4x — 3x + (-3)(-4) = x2 -— 7x + 12 
sum of —3 and —4 
product of —3 and —4 





G@ +3) — 5) =x? —5x 43x 4°(3)(—5) =x? — 2x — 15 
sumiofs and —§———__— 


The signs in product of 3 and —5 


the binomials 
are opposite. (x — A)x + 6) = 22 + 6x — 4x + (-4)(6) = x? + 2 — 24 


sun of —4 and 6——__——» 
product of —4 and 6 


IMPORTANT RELATIONSHIPS 

1. When the constant term of the trinomial is positive, the constant terms of 
the binomials have the same sign. They are both positive when the coeffi- 
cient of the x term in the trinomial is positive. They are both negative when 
the coefficient of the x term in the trinomial is negative. 

2. When the constant term of the trinomial is negative, the constant terms of 
the binomials have opposite signs. 

3. In the trinomial, the coefficient of x is the sum of the constant terms of the 
binomials. 

4. In the trinomial, the constant term is the product of the constant terms of 
the binomials. 
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=> Factor: x* — 7x + 10 


Because the constant term is positive and the coefficient of x is negative, 
the binomial constants will be negative. Find two negative factors of 10 whose 
sum is —7. The results can be recorded in a table. 


ca e These are the correct factors. 


JP Kat Ol et) ay) ° Write the trinomialas a product of its factors. 





Check? “G2 = 5) Se a 2 LO ¢ Check the proposed 
a Ay Se 10) factorization by multiplying 


the two binomials. 
= Factor: x2 — 9x — 36 





The constant term,is negative. The binomial constants will have opposite 
signs. Find two factors of —36 whose sum is —9. 





© Once the correct factors are found, itis ~ 
not necessary to try the remaining 
factors. 


Ke 69K 836 2 (k aaS)( tent 2) ¢ Write the trinomial as a product of 


its factors. 
=> Factor: x2 + 7x + 8 


Because the constant term is positive and the coefficient of x is positive, the 
binomial constants will be positive. Find two positive factors of 8 whose 
sum is 7. 





There are no positive integer factors of 8 whose sum is 7. The trinomial 
x* + 7x + 8 is said to be nonfactorable over the integers. Just as 17 is a 
prime number, x? + 7x + 8 is a prime polynomial. Binomials of the form 
x —aand x + a are also prime polynomials. : 































Renae eras ea eee 
om .. 7 age" et va ae a 
re ee cl amnet or tptee eae 

et pe La ee 
ae Se Fad st senate aR Ai eae . 

S| ue 

e oc Renee ts srt) > ta 

hk a is gabe b at 4 onsite S:iob hs Coe 

@ Zen see nee oe i age! Ge: 

e et ts ee! ne 
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| TAKE NOTE 
| The first step in any 
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COPD eee eo ee eraser escesesocesceeeon: 
BU err i il 
ciate Smircae asia te a le:™ iM SiN@°8 a8 04618109) n/a bia aia'e Mis alo eiie eia'e ele.ie'o:6'eie aigin aa o slelaialpleitinss Gv 6 e'e/o'e\beieelpiaiae eine esiae aioe e'eceee decceceaneteenss 


barns 2 You Try It 2 
Factor: x2 + 6x —27 .22 Factor: x2 + 7x — 18 
Solution Your solution 


© Find two factors of 
—27 whose sum is 6. 





ore Ox — 27 = (x — 3)\(x + 9) 
Solution on p. S20 





Objective B To factor completely 


A polynomial is factored completely when it is written as a product of factors 
that are nonfactorable over the integers. 


=> Factor: 4y? — 4y? — 24y 


Pea Sa ee ee ee a See 











_ factoring problem is to 4y> — 4y? — 24y = ' 4y(9”) = oN 4y(6) | i e The GCF is 4y. Do this 
pete eee step mentally. 

terms of the polynomial = 4(y2 — y — 6) e Use the Distributive Property 
oie Sees ae to factor out the GCF. 

| Be ec. | = 4y(y + 2)(y — 3) e Factor y? — y — 6. The two 

: i factors of —6 whose sum is 


oon wae rsuaneanansssabaicoctaeSeN 


—1 are 2 and —3. 


It is always possible to check the proposed factorization by multiplying the 
polynomials. Here is the check for the last example. 


Check: 4y(y + 2)(y — 3) = 4y(y? — 3y + 2y — 6) 


Sy ey 0) 
= 4y3 — 4y? — 24y © This is the original polynomial. 


=> Factor: 5x2 + 60xy + 100y2 


Powe nnn nnn ann nee nnn nn nn $n en nnn nnn 







5x2 + 60xy + 100y? = | 5(x?) 12 ier 5(20y2) | e The GCF is 5. Do this 
pe ie a eee ae step mentally. 
eee li 2a 2 0y) e Use the Distributive Prop- 

epee ea erty to factor out the GCF. 
| TAKE NOTE | = 5(x + 2y)(x + 10y) © Factor x? + 12xy + 20y2. 
2y and 10y are placed in i The two factors of 20 
_ the binomials. This is | whose sum is 12 are 2 
- necessary so that the and 10. 


_ middle term contains xy 
_ and the last term 
_ contains y?. | 


Note that 2y and 10y were placed in the binomials. The following check shows 
fee «that this was necessary. 
Check: 5(x + 2y)(« + 10y) = 5(x? + 10xy + 2xy + 20y?) 

= 5(42 + 12%y + 20y7) 

= 5x7 + 60xy + 100y2 ¢ The original polynomial 
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> Factor: 15 — 2x — x? 


Because the coefficient of x2 is —1, factor —1 from the trinomial and then 


TAKE NOTE 


When the coefficient of 
the highest power in a 
polynomial is negative, 
consider factoring outa 
negative GCF. = 
Example 3 below is 
another example of this 

_ technique. 


Check: —(x + 5) — 3) 


[ee ee ewe recreeer reer e reese rere oes Osos OHO es Oee Ue sea sesssaseesessessesesesesuseroe! 





Example 3 
Factor: —3x3 + 9x2 + 12x 


Solution 
The GCF is —3x. 
= 3x7 9x7 = 12 3a =n — 4) 


Factor the trinomial x? — 3x — 4. Find 
two factors of —4 whose sum is —3. 


Factors _ Sum 
22,42 2 0 
+1, 4 Oo 


= 3x3 + 9x2 12 = =3x(x + IG — 4) 


| Example 4 ‘< 
Factor: 4x? — 40xy + 84y? 


Solution 
The GCF is 4. 
Ax? — 40xy + 84y? = 4(x? — 10xy + 21y?) 


Factor the trinomial x? — 10xy + 21y?. 
Find two negative factors of 21 whose 
sum is —10. 


Factors” soe Sum 
=1 22k | 99 


4x? — 40xy + 84y? = 4(x — 3y)(x — Ty) 


= =(< = 5)(4 — 3) 


write the resulting trinomial in descending order. 


15 — 2x Stier 24 15) 


e 15 — 2x — x2 = —1(—15 + 2x + x2) 
—(x2 + 2x — 15) 
© Factor x2 + 2x — 15. The two 
factors of —15 whose sum is 
2 are 5 and —3. 
= =(x? + 245-415) 
BAe oe DIALS 
= 15 -— 2x — x? 


‘ 


© The original polynomial 


COO OEM H OOS ASE DEO EHEH TOES EEE OEOEE ESOS EUEEEHE SEO STE TEEHOSO ODODE HE EE EEOSEEHEOED 


© You Try It 3 
Factor: —2x3 + 14x2 — 12x 


Your solution 


[poe cccecccescccvccccnccsccececces seen rece cccec ences eseseeeesececsecccescesocece 
ig} 


ie 


"You Try It 4 
Pactor: 3x7 =9xy = 12,2 


Your solution 


Solutions on p. S20 
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7.2 Exercises 





Objective A 
Factor. 
ils Ee a e is 2 
5a ea = 12 
Oa a— 2 
isoa7> — § 
Icey — y+ 6 
Ziv ce — 127 — 160 
25, 20x-7 100 
eorex 1 y= 42 
335 vee J4y 51 
Bune ye 8 yer 32 


10. 


18. 


22. 


26. 


30. 


34. 


38. 


x2 


a2 


a2 


oe 


x2 


x2 


Section 7.2 / Factoring Polynomials of the Form x2+ bx+c 389 


a POY ae 


— 2a — 35 


= gi = & 


= Sya 15 


2p 35 


a lox 31 


+ 9x — 70 


= ae 2 


— Oyr-+ 81 


11. 


15. 


19. 


23. 


fads 


31. 


35. 


39. 


bare Oey ag 
Go = Sth 2 
De Ob a9 
VP Oy eS 
z>— 14z + 45 
p? + 12p + 27 
D2 9b 720 
[eae FAW) 
Ge Ap 21 
ne 20x 715 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


x27+x-6 


a? 5a 44 


jg ae tete: 32 ANG. 


Yee ONS mel 


zg — 14¢ + 49 


p= Ops 


b? + 13b + 40 


b? + 3b — 40 


p2 + 16p + 39 


p? + 24p + 63 
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41. x* -— 15x + 56 42. x2 + 21x + 38 43. x*+x—- 56 44, x2 + 5x — 36 











45. 6a = 21a "72 46. a*— 7a — 44 Al, 4° = (500 30 48. a*—2la+ 54 





AD = 92 — 36 50. z2 + 14z — 147 51. = = 90) ae, 52. 6-50.60 
Bue 157-444 54. p? + 24p + 135 55. c? + 19¢c + 34 56. Cc? + ler ts 
Di x a 4x — 96 58 .oe lO 5 5) ele 60. 4° 214100 
OLN 2 -8b"—"105 62592 2b 2 637g 0G 56 64. a> 42a7 13> 
653907 — 230-1102 66.07 25b'47126 67). a= Zia 72 68. z* + 24z + 144 
(hy 9 = Mayne Wikis 10, 07 29721 100 DAs ee Oe OG 72. Xeia Ove eZ 
Objective B 

Factor. 

Td tex Oxe 4 14. 3X29 1oxe £8 15 VET 2 
16m 126 Ax x? 77. ab? + 2ab — 15a ‘".78. ab? + Tab — 8a 
12S AVE Sxy 60 80. xy? + 8xy + 15x Sd ae alee a V4 
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82. 


85. 


88. 


91. 


94. 


a7. 


100. 


103. 


106. 


109. 


112. 


115. 


—2a? — 6a? — 4a 


Bxe 1 3x) 36 


O77 = 127 —.90 


ae oxy Oy" 


a2 — 15ab + 50b2 


wer i Syz — 412+ 


ee 1 O0Z 


oye — 26y> — 96y" 


—x4 + 11x93 + 12x? 


c3 + 18c? — 40c 


x? — 8xy + 15y? 


gat Aye — 212? 


83. 


86. 


89. 


92. 


95. 


98. 


101. 


104. 


107. 


110. 


113. 


116. 
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a eh oyere 1 By 


2x3 — 2x2 + 4x 


2a? + 8a? — 64a 


art Arya Z Ly? 


Oy ey 


a + 85yZi a, 3627 


b= 2605 12002 


3y4 + 54y3 + 135y2 


A4x*y + 20xy — 56y 


—3x3 + 36x? — 81x 


IXY OX 


Varta ON er. 12 


84. 


87. 


90. 


93. 


96. 


99. 


102. 


105. 


108. 


114. 


117. 


AysGe I 2y2— 72y 


5z2 — 15z — 140 


3a3 — 9a? — 54a 


a” — Yab + 20b2 


s? + 2st — 4812 


z+ — 1223 + 3522 


DSS pete LOD- 


—x4 — 7x3 + 8x? 


3x°y = Oxy = ay 


—4x3 — 4x? + 24x 


a 1300) 4420" 


y? — 16yz + 152? 


392 Chapter 7 / Factoring 


118. 3x*y + 60xy —63y 119. 4x*y — 68xy — 72y 120. oBa7 “S327 Sox 
P20 42 bos 12250 Ag eae 3 123. 522 = S02 120 
245 4x2 - 8x2 — 12% 125. 5x> + 30x? + 40x 126. 5924-255 420 
127. 4p? — 28p — 480 128; p* 4.99" —36p" 129.) pt pe 5 6p- 
HS 0mote 1 2is 435s" 131. a9 10ab 2 25b2 132. ‘a* = Bab = 33b- 
133. x? + 4xy — 60y? 134.5 5x7 = 30x? 407 135. 6x2 =" 617 0% 


APPLYING THE CONCEPTS 


Factor. 


136. 2+c?2+ 9c 13 ex oye ry 138. 45a? + a*b? — 14a2b 


Find all integers k such that the trinomial can be factored over the integers. 


139. x2 +kx + 35 140. x2 +kx + 18 141. x7 +kx +21 


Determine the positive integer values of k for which the following polynomials 
are factorable over the integers. 


142. y?+4y+k 143. 2+7z+k 144. a*—6at+k 


145. c?—7e+k 146. x27 3x +k 147. y?+ 5y+k 


"iE 
‘ 


148. In Exercises 142 to 147, there was the stated requirement that k > 0. If 


k is allowed to be any integer, how many different values of k are possi- 
ble for each polynomial? 
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Factoring Polynomials of the 
Form ax? + bx +c 


To factor a trinomial of the form VIDEQus. 
ax? + bx + cby using trial factors @o 2 





aii OW by 
2E” 
TUTOR WEB SSM 


Trinomials of the form ax? + bx + c, Sk" ot Aa 3, ee 
where a, b, and c are integers, are 6x2 -F 2x — 3'4a = 6.0 = 2 c= 3 
shown at the right. 


These trinomials differ from those in the previous section in that the coeffi- 
cient of x? is not 1. There are various methods of factoring these trinomials. 
The method described in this objective is factoring polynomials using trial 
factors. 


To reduce the number of trial factors that must be considered, remember the 
following: 


1. Use the signs of the constant term and the coefficient of x in the trinomial 
to determine the signs of the binomial factors. If the constant term is posi- 
tive, the signs of the binomial factors will be the same as the sign of the co- 
efficient of x in the trinomial. If the sign of the constant term is negative, 
the constant terms in the binomials have opposite signs. 


2. If the terms of the trinomial do not have a common factor, then the terms 
of neither of the binomial factors will have a common factor. 


=> Factor: 2x2 — 7x + 3 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bino- 
mial constants will be negative. 


Write trial factors. Use the Outer 
and Inner products of FOIL to deter- 
mine the middle term, —7x, of the 
trinomial. 





Write the factors of the trinomial. 


=> Factor: 3x2 — 8x + 4 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bino- 
mial constants will be negative. 





Write trial factors. Use the Outer 
and Inner products of FOIL to deter- 
mine the middle term, —8*, of the 
trinomial. 





Write the factors of the trinomial. 3x2 — 8x + 4 = (Ce — 2)(3x — 2) 
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|/TAKE NOTE 
_ The binomial factor 


' 8x + 6 has a common 
| factor of 3: 


3x + 6 = 3(x + 2). 


| Because 3x? + 7x — 6 


does not have a 
common factor, one of 
its binomial factors 


| cannot have a common 
_ factor. For the examples 


and solutions in this 


| text, all trial factors 


' except those that have a 


' common factor will be 


_ listed. 


Factor: 6x3 + 14x? — 12x 
Factor the GCF, 2x, from the terms. 


Factor the trinomial 34°" 74. — 6: 
The constant term is negative. The 
binomial constants will have oppo- 
site signs. 


Write trial factors. Use the Outer 
and Inner products of FOIL to de- 
termine the middle term, 7x, of 
the trinomial. 


It is not necessary to test trial factors 
that have a commen factor. 


Write the factors of the trinomial. 


6x3 + 14x2 — 12x = 2x(3x?2 + 7x — 6) 


Positive 
Factors of 3 


£3 


\ ‘ 


Trial Factors 


(x — 1)(3x + 6) 
(x + 6)(3x — 1) 
(xe 4 I)Gx <6) 
(x — 6)(3x + 1) 
(ei 23x 3) 
(x + 3)(3x — 2) 
(x + 2)Gx = 3) 
Ge BBX 2) 


Factors of —6 


Sala. 
(=(e) 

—2, 3 
peer) 

Middle Term 


Common factor 
Sx oe = his 


Common factor © 


x — 18x = -17x 
Common factor 


= 2K ON: Te 
Common factor 
2x — 9x = —7x 


6x3 + 14x? — 12x = 2x(x + 3)(3x — 2) 


For this example, all the trial factors were listed. Once the correct factors have 


been found, however, the remaining trial factors need not be checked. 


Fn eee ere RPO RE SE OLURUC CSRS CSS Ce ce 0s oes ecv'e ness Se Reset 6 ss: e0'vuin sen Gln O10 ve MDS On 8s 6u.cve en ense gevicdee see seehe cehusuinsieudniegigh aussi acinnieeS'alps'e ateldncaadaienieae 


Example 1 
Factor: 3x2 + x — 2 


1 You Try It 1 


Factor: 2x2 — x — 3 


Solution Your solution 
Positive Factors’of —2: 1,—2 
factors of 3: 1, 3 = ae 

Trial Factors Middle Term 

(x + 1)(3x — 2) Tene Con mee 

i 23x Ty Li On = x 

(x — 1)(3x + 2) Dogon ay 

(x + 2)(3x — 1) —x + 6x = 5x 


Six ele 1 (Ba) 


Tae mete gk cere t aeceisee's ee See erein aten:* 5/0065 65/e:ces sleasisjaiee vie c'6:si0i0 0S s/o MB e'e'sin.oisieain acioaseale weiss Secuae cee ewce en tseeeee ee 


You Try It 2 
Factor: —45y3 + 12y? + 12y 


Example 2 


Factor: —12x3 — 32x? + 12x 


Solution 
The GCF is —4x. 


Your solution 


~ 12x? = 32x? + 12% = —4x(3x2"+ 8x — 3) 


Factor the trinomial. 


Positive 
factors of 3: 1, 3 


Trial Factors 


(x — 3)(3x + 1) 
(x + 3)(3x — 1) 


Factors of —3: 1, —3 
= jl. 3 

Middle Term 

x — 9x = -—8x 

oe sob eis eye 


—12x3 — 32x? + 12% = —44 423)Gx — 2» 


Pee ee ee secsseseseescesesess 


Solutions on pp. S20-S21 
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To factor a trinomial of the 


form ax? + bx + cby grouping 





In the previous objective, trinomials of the form ax? + bx + c were factored 
by using trial factors. In this objective, these trinomials will be factored by 
grouping. 


To factor ax? + bx + c, first find two factors of a - c whose sum is b. Then use 
factoring by grouping to write the factorization of the trinomial. 


=> Factor: 2x? + 13x + 15 


Find two positive factors of 30 (2 - 15) whose sum is 13. 


© When the required sum has been 
found, the remaining factors need 
not be checked. 





2x? + 13% + 15 = 2x? + 3x + 10x + 15 © Use the factors of 30 whose sum 
is 13 to write 13x as 3x + 10x. 
(24 et ee Oca et) e Factor by grouping. 


Ar 3) ao 2 3) 
= (25 3)G+ 5) 


Check (Ox 4-3) 5) 20 = 10% + Bx 15 
= Ine ee eyes INS 


= Factor: 6x? — 1lx — 10 


Find two factors of —60 [6(—10)] whose sum is —11. 


ay 





‘i 


7 6x2 lie — 10 = 6x? + 4% — 15x — 10 © Use the factors of —60 whose sum 
is —11 to write —11x as 4x — 15x. 
= (6x2 + 4x) — (15x + 10) ¢ Factor by grouping. Recall that 
=X De Dok ee) —15x — 10 = —(15x + 10). 


S1Ge¢4 2K = 3) 


< aN ’ . 
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Check: (3x + 2)(2x — 5) = 6x? — 15x + 4x — 10 
— 6x tix — 10 
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Factor: 3x2 — 2x — 4 


Find two factors of —12 [3(—4)] whose sum is —2. 


Factors of —12 


Li 12 
hy d2 
2.76 
=2,6 
34 
-3,4 


Sum 


saleil 
11 
—4 
4 
al 
1 


an x 


Because no integer factors of —12 have a sum of —2, 3x? ~ 2x — 4 is nonfac- 
torable over the integers. 3x? — 2x — 4 is a prime polynomial. 


" Example 3 
Factor: 2x? + 19x — 10 
Solution 
Factors of —20 [2(—10)] Sum 


- =1,20 19 


2x? + 19x — 10 = 2x? — x + 20x — 10 
= (2x? — x) + (20x — 10) 
= x(2x — 1) + 10(2x — 1) 
= (2% = 1% + 10) 


[ee eeeeevescceccascccaces senses sesssaseressses eres eee er Heese esse eee eHOOUSEEEEES| HOSE EEEE OH EEHOEEESOEESEESHES USES ESTEE OSES OEEEH ODEO SOUS SEES ERED EEE EESSeEEES 


" You Try It 3 


Factor: 2a2 + 13a — 7 


Your solution 


Sieir suri eetieucaie(s sige! eis 2 OOD 01° © 210 08.S0'2)0 010,08 '0\0 6/00 \0e'n a'6'6 00's e/si0s'8'0)0\0.9.0\0 ve 0\c)4's 66 8/6 016 0101016. 0 © Mh 60 (0/8)0 0[6'0.0 66/08 60.0 60010066 Cou saeceee 6sablecisyeesee eid asecdiece sss o'eswiciceaianelnaslaaitan 


Example 4 
Factor: 24x*y — 76xy + 40y 


Solution 
The GCF is 4y. 
24x*y — T6xy + 40y = 4y(6x2 — 19x + 10) 


Negative - 
Factors of 60 [6(10)] Sum 


= 1,60 =O} 
= 2, = 30 moe 
Soe. = 25 
aA al 19 


6x? — 19x + 10 = 6x2 — 4x — 15x + 10 
= (6x2 — 4x) — (15% — 10) 
= 2X(30—= 2) = Sx) 
= (3x 2)(29— 5) 


24x*y — Toxy + 40y = 4y(6x2 — 19x + 10) 
= 4y(3x — 2)(2x — 5) 


You Try It 4 
Factor: 15x? + 40x? — 80x 


Your solution 


Solutions on p. S21 
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Objective A 


7.3 Exercises 





1. 2x2 + 3x + 1 


13. 


17. 


21. 


25. 


Zo. 


33. 


2a 30-401 
Axe 
ere ett O 
12y"a—r ys 4 
64 — 1lee-4 
ae Gln = 7 
Tafel 47a. — LA 
pa 2 T+ ls 


Factor by using trial factors. 


pa 


14. 


noe 


26. 


30. 


34. 
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5x2 + 6x + 1 


3a2 — 4a + 1 


4x2 — 3x -— 1 


2t2 + 5¢t — 12 


6y7 — Set fl 


10¢2 + 114 + 3 


Ox? — 13x — 4 


Ligeti 540-35 


4z*+ 5z—6 


11. 


15. 


19. 


Paar 


27: 


33: 


2y2 Bey 
2b etl Wb 
2h Re XS 
Spa l6p > 
OZ ies (Zi 


8x2 + 33x + 4 


2 yea 1 9y 4.5 


3b2= 16b.+ 16 


3p? + 22p — 16 


12. 


16. 


20. 


24. 


28. 


323 


36. 


Syed Tyre 2 


8b2— 13bet 4 


3x2 + 5x — 2 


6p op ee t 


972 + 3z +2 


7x2 + 50x + 7 


aya 22 8 


654= [9btr 


[pel pere lO 


398 


37. 


41. 


45. 


49. 


53. 


56. 


59. 


62. 


65. 


68. 
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4x? + 6x + 2 38. 


2x3 — 11x2 + 5x 42. 


372 + 95z + 10 46. 


80y2- 36y +4 50. 


6x4) Dixy a 0y 


1672 + 40t — 96 


26z2 + 98z — 24 


14y? + 94y? — 28y 


42a? + 45a? — 27a 


Sih = 3.874 Bas Sy" 


25? G3 3%ee 2 39. 


2x3 — 3x2 — 5x 43. 


8z2 — 36z + 1 47. 


24y2— 24y-18 51, 


54. 


Dis 


60. 


63. 


66. 


69. 


Sxtye 2724 Oy 


Spe lop2-r 5p 


3022 8/2950 


4yz3 + 5yz? — 6yz 


36p? — 9p3 — p4 


9x3y — 24x%y2 + Léxy3 


15y2 — 50y + 35 


3a2b — 16ab + 16b 


36x — 3x2 — 3x3 


823 + 1422 + 3z 


Dds 


58. 


61. 


64. 


67. 


70. 


40. 30y? + 10y — 20 
44, 2a’b — ab — 21b 


48. —2x3 + 2x? + 4x 


52, 62°F 2572 a 


102 S15t=150 
6p? a SprA=p 


10y? — 44y? + Loy 
12a3 + 14a? — 48a 
9x*y — 30xy2 + 25y3 


‘ 


9x?y + 12x2y + Axy 
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Objective B 





Factor by grouping. 


7A. 


oe 


rey 


83. 


87. 


ch 


wBe 


Yee 


103. 


107. 


6x? — 17x + 12 


6a2 + 7a — 24 


22p7 > Sip —"10 


1872 —9t —5 


Ox? + 12x + 4 


S30" 34b"-35 


1527 4 26a — 21 


8z2 + 2z — 15 


10z2 — 29z + 10 


3x2 + xy — 2y? 


FO#, 


76. 


80. 


84. 


88. 


92. 


96. 


100. 


104. 


108. 


Section 7.3 / Factoring Polynomials of the Form ax? + bx +c 


15x2 — 19x + 6 


14a* + 15a -— 9 


14p2 — 41p + 15 


ree Sti 5 


25x2 — 30x + 9 


15D A3D G22 


6a? + 23a + 21 


10z2 + 3z -— 4 


15z2 — 44z + 32 


6x2 + 10xy + 4y? 


73. 


ie 


81. 


85. 


89. 


93. 


97. 


101. 


105. 


109. 


SDF SOU nt 4 


477+ 11z +6 


8y2 + 17y + 9 


604-7 tbe a1 


6b2 — 13b + 6 


18y2 — 39y + 20 


By2 — 26y + 15 


15x? =e82% 4 24 


B62 tal 27 tS) 


3a2 + 5ab — 2b? 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


399 
8x2 — 30x + 25 
6z2 — 25z + 14 


12y? AS y 12 


8b2 + 65b + 8 


20D2 31 Dageko 


24y2 + 41y + 12 


18y2= 27) 4 


13z* + 49z -— 8 


16z2 + 8z — 35 


2a? — Yab + 9b? 
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D1. t4y? Gl lyz Ge 6z*” SIZ) ye sz 1133) 28532 11401 Sia ae 
115. 8 — 7x — x? 116. 12+ 11x — x? 117. 9x? + 33x — 60 118. 16x? — 16x — 12 
119. 24x? — 52x + 24 120. 60x? + 95x + 20 121. 35a4 + 9a3 — 2a? 
122. 15a4 + 26a3 + 7a? 123. 15b? — 115b + 70 124. 25b2 + 35b — 30 
125. 3x2 — 26xy + 35y? 126. 4x2 + léxy + 15y? 127. 216y2 — 3y —3 
128. 360y? + 4y — 4 129. 21 — 20x — x? 130. 18 + 17x — x? 
131. 15a? + 1lab — 14b? 132. 15a? — 31ab + 10? 133. 33z — 82? — 23 


APPLYING THE CONCEPTS 


Factor. 


134. 2(y + 2)? —(y + 2) -—3 1359 53(G2) 2)7 Mae te?) a4 136. 4(y — 1% — 7(y — 1) -2 


Find all integers k such that the trinomial can be factored over the integers. 


137. 2x2 + kx + 3 138. 2x2+ kx — 3 139. 3x2 +kx +2 


140. Write the area of the shaded portion of each diagram in factored form. 


Any 


,141. In your own words, explain how the signs of the last terms of the two 
binomial factors of a trinomial are determined. 
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Objective A 


[TAKE NOTE © 


_ Here are some more 


| examples of perfect 


squares: 





| 36, 49, x8, 22. 


TAKE NOTE 


(a + 6b) is the sum of the 
two terms a and 6. 


| (a — b) is the difference 


of the two terms a and 
| 6.a and 6 are the square 
roots of a? and b?. 
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Special Factoring 


To factor the difference of two perfect = vinro.. 
squares or a perfect-square trinomial 9) 





The product of a term and itself Term Perfect Square 
is called a perfect square. The 5 Gok = 25 
exponents on variables of perfect x Le x2 
squares are always even numbers. 3y4 3y4 - 3y4 = 9y8 

xn xn. xh = xen 
The square root of a perfect square is one of the two equal V25=5 
factors of the perfect square. “V ” is the symbol for square \/x2 = x 
root. To find the exponent of the square root of a variable /oy8 = 3y" 


term, divide the exponent by 2. 


V x2n = it 


The difference of two perfect squares is the product of the sum and difference 
of two terms. The factors of the difference of two perfect squares are the sum and 
difference of the square roots of the perfect squares. 


Factors of the Difference of Two Perfect Squares 


a? — b?=(a+ b\(a— b) 





The sum of two perfect squares, a? + b?, is nonfactorable over the integers. 


= Factor: 4x? — 81y? 


Ax? — 8ty? = (2x)? — Gy)? e Write the binomial as the differ- 
ence of two perfect squares. 
= (2¢ a9) (2% — Oy) e The factors are the sum and 
difference of the square roots of the 
perfect squares. 


A perfect-square trinomial is the square of a binomial. 


Factors of a Perfect-Square Trinomial 


a2+2ab+ b?=(a+ bj? 
a2 — 2ab + b? = (a — b)? 





In factoring a perfect-square trinomial, remember that the terms of the binomial 
are the square roots of the perfect squares of the trinomial. The sign in the bino- 
mial is the sign of the middle term of the trinomial. 
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=> Factor: 4x2 + 12x + 9 


Because 4x? is a perfect square [4x2 = (2x)*] and 9 is a perfect square 
(9 = 37), try factoring 4x2 + 12x + 9 as the square of a binomial. 


4x2 + 12x + 9 = (2x + 3)? 
Check: (2x .+.3)4 = (2x. +.3)(2%+.3) = 4x24 64.4 644° OS] 4y7 2x + 9 
The check verifies that 4x2 + 12x + 9 = (2x + 3). 
It is important to check a proposed factorization as we did above. The next exam- 
ple illustrates the importance of this check. Te * 
=» Factor: x? + 13x + 36 


Because x* is a perfect square and 36 is a perfect square, try factoring 
x? + 13x + 36 as the square of a binomial. 


xP t+013% + 36 = (x + 6) 
Check: (x + 6)? = («+ 6)(x + 6) = x? + 6x + 6x + 36 = x2 + 12x + 36 


In this case, the proposed factorization of x2 + 13x + 36 does not check. 
Try another factorization. The numbers 4 and 9 are factors of 36 whose sum 
is “13: 


x? + 13x +.36. = (x.+ 4)(x. +9) 


Pens 1 Ke Try It 1 
Factor: 2547 — 1 Factor 36y4 
Solution Your solution 


29K" = | = (5x)? = (1)2 
= (5x + 1)(5x — 1) 





i Example 2 ke Try It 2 : 
Factor: 4x2 — 20x + 25 Factor: 9x2 + 12x + 4 
Solution Your solution 


49° — 20% + 25 = (2%\— 5) 


be 3 ie TryltS das te ae ee 
Factor: (« + y)* — 4 Factor: (a + b)*? — (a — b) 
Solution Your solution 


ry? =4— (+ y)?'= (2) 
=((C ty) + 2) ye 2) 


Solutions on p. S21 
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Oo 7:)) To factor the sum or the VIDEO 


difference of two cubes 






The NOTE. | The product of the same three Term Perfect Cube 
<7 a | factors is called a perfect cube. 2 ot ok eh 8 
| examples of perfect The exponents on variables: of By 3y - 3y + 3y = By) = 2793 
cubes: ty _ perfect cubes are always divisi- 2 2. y2.y2 = (y2)3 = 6 
64, 1000, 69, 215 | ble by 3. a, CRON p05 cal y 
The cube root of a perfect cube is one of the three equal fac- SV Ae) 
tors of the perfect cube. “V  _” is the symbol for cube root. W273 = 3y 
To find the exponent of the cube root of a variable term, di- V/y8 : 
= y 


vide the exponent by 3. 


The following rules are used to factor the sum or difference of two perfect cubes. 


Factors of the Sum or Difference of Two Cubes 


a + b8 = (a+ b)(a2 — ab + b) 
a — b§ = (a — b\(a2 + ab + Bb?) 





=> Factor: 8x> — 27 


Write the binomial as the difference Sx taal = On) 
of two perfect cubes. 


The terms of the binomial factor = (2x — 3)(4x2 + 6x + 9) 
are the cube roots of the perfect Satie onthe fret 

cubes. The sign of the binomial fac- term 

tor is the same sign as in the given Opposite of the product 


binomial. The trinomial factor is of the two terms 


obtained from the binomial factor. Square of the last term 











. 2 ee | Check: Axel Ox 19 

| TAKE NOTE i oe en 

You can always check a i —— 

| proposed factorization (202 =x 27 

by multiplying the i 8x3 + 12x2 + 18x 

ia | 8x3 57 © The original polynomial 


=> Factor: a? + 64y3 


a? + 64y3 = a3 + (4y)? ® Write the binomial as the 
sum of two perfect cubes. 


(a + 4y)(a? — 4ay + 16y?) ¢ Factor. 


=> Factor: 64y4 — 125y 
64y4 — 125y = y(64y? — 125) ° Factor out y, the GCF. 


=y[\(4y)3 — 52] ® Write the binomial as the 
difference of two cubes. 


=y(4y = 5)(l6y? +20y + 25) ¢ Factor. 
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Ceecoreesersovseneessoesee 
Pp ee eer er er ce esse ese esses ese TES HFS EES OSSESHSSEH EES EOS 

[eee e cere reser eee sss es eee eee Heo EEO ETFO EES EF ESSE ES EEESESESESESESEEESSESES ES ES EEEES | OO 

fey 


LYou Try It 4 


"Example 4 

Factor: x*y3 = 1 Factor: 84° + yz" 

Solution Your solution 

xy} — 1 = Gy) — 13 

= (Gy = DG@veck ay 1) 

[cee eeeeeeacccceesscceccesencsseuesesessccsesseanssescssessetesereserersrseeesers > eee cceccercreeescescesceccevceececs et aeeenececcsccsecescccsccsscsssssoreceses 
“Example 5 SYou Try It 5 

Factor; (x + y)? > «2 Factor Gr yr eye 

Solution Your solution 


(x + y)? — x3 
= Ge y= | Gy)? ae ey) 7] 
ae ate) ca ate eect AX) 

Vy (30- a Saya ye) 


Solutions on p. S21 
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Certain trinomials that are not quadratic can be expressed in the form 
ax? + bx + c by making suitable variable substitutions. A trinomial is quad- 
ratic in form if it can be written as au? + bu +c. 





To factor a trinomial that is quadratic in form 


As shown below, the trinomials x* + 5x? + 6 and 2x?y? + 3xy — 9 are quadratic 


in form. 
SES a oe te) Pa oats wee OS) 
(x7)? + 5@) +6 2(xy)? + 3(xy) — 9 
[Deli Bo ur + 5u+ 6 Let u = xy. 2u2 + 3u —9 


When we use this method to factor a trinomial that is quadratic in form, the vari- 
able part of the first term in each binomial will be x. 


For example, x4 + 5x? + 6 is quadratic in form by letting uw = x?. Thus, 


xi + 5x? + 6 = (2)? + 5(x2) +6 = 12 + 5u + 6. aa 


=> Factor: x4 + 5x2 + 6 
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x? 4+ 5x2 4+ 6 =n24+5u 46 © Let u= x’, 
(4 + 3) 422) ° Factor. 
= (x? + 3)(x? + 2) © Replace uw by x2, 
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(nee : : Es Sty. Pees Cee eS N § 
Factor: 6x*y? xy — 1277 Factor: 6x*y? — 19xy + 10 
Solution 


: Your solution 
Let u = xy. 

One ey 12 = 6u? — uw — 12 

= (3u + 4)(2u — 3) 

= (3xy + 4)(2xy — 3) 


cis Be While ie 0 eh 
Factor: 2x4 + 5x2 — 12 Factor: 3x4 + 4x2 — 4 
Solution Your solution 
Let u = x?. 
2x* + 5x2 — 12 = 2u2 +5u — 12 
= (2u — 3)(u + 4) 
= (2x2 — 3)(x2 + 4) 
Example 8 ie Try It 8 
Pacor x 4 3x7y- — 10 Bactorsa "bp 6a-b-4—/. 
Solution Your solution 


Let u = x*y?. 


eee or JO =? + 30 — 10 
=e + Su — 2) 
SAA )(xey> — 2) 


Solutions on p. S21 


Thy 
os 


TUTOR WEB 





To factor completely 





" Objective D- 


When factoring a polynomial completely, ask the following questions about the polynomial. 


[TAKE NOTE | 


Remember that you may — 


. Is there a common factor? If so, factor out the GCF. 
_ Ifthe polynomial is a binomial, is it the difference of two perfect squares, the sum of 


have to factor more than ~ two cubes, or the difference of two cubes? If so, factor. 

| once in order to write | . If the polynomial is a trinomial, is it a perfect-square trinomial or the product of two 
i the polynomial as a j bi eo ge tact 

| product of prime factors. | Inomials¢ IT SO, Tactor. 

ieee i . If the polynomial has four terms, can it be factored by grouping? If so, factor. 





_ Is each factor nonfactorable over the integers? If not, factor. 


| vaieoneeisivis en asissanwe sein ¥eaeiin eines edeesesiidaeisins'ssinaitviensintaalesewewanenganreb i POC CCC HEHEHE OOH EH OTOH EEO EES E HEE EH EEO R SES EE SOOT OOH OES EES ESSESE EH SED ES HOH EES ‘ 
» Example 9 ' ‘9 baths EAS —— You Try it 9 
Pacters6a 2 f5q-* 36g ae fh . Factor: 18x* = 6x2 —. 60% 


Solution — Your solution 
6a 7 iba? 3360 = 3a(2a? Sa 112) 
=3a(2a = 3)(a + 4) 


Pomme eee e eee mn sees eneceasnneeeeneenerenesesansnenenesceeneessensnsesenassersenes PETS HSCR TOOTS OLOT OEE ESOTEE ETOH EOS TEES ESHEOEO ESE EESHOEESOOOEEEEHEOOOEOOOOOS 


“Example 10 You Try It 10 
Factor.) - 2x7 4 2 Factor: 4x — 4y — x3 + x2y 


Solution 
OE DN aa Vor 2. ey ae DKA ae (ytd) 
= xy + 2) — 1(y + 2) 
Pe ee) tae Aver 
=(y + 2) + Ie - 1) 


Your solution 


A, f oe 
. ee == 
+. e i init taal 
* eae iid 16 
,aee Ty ee tS 


“2 @ ) 
r 
Piece ercecoscnccesecscccs cre senossscsconce oo) ce dee a eeeeee sees al 4 Cee eee eee oa seeee seer eececcescccaccecs assests mecas MOeaaEe seeces 


/ Example 11 cae a 


rr EYou Try It 11 - a 
Factor. 4 = = yin ’ Factor: x = opt 


Solution oe eo" sel solution 
xan pay oe = Ca (y2n)2 z a 
= (x20 $ y2n)(q:2n — y2ny 
= (2 + NLC? — OMA] 
= (x2" ab yn) (xn ps SE — yn yn 


a 
lessee eset seer escaveycabecbsvnceravecaseses eR osacheehies Dettbcons ues B... 


‘Example 12 ’ Te s 
Pactonse sx) : 


. s aaa coer oe. teeeeeeee . sesseeeens * vin Raa seesccose . Benois seaeeaoanae 


BYou rytene 2 Ft a), Sie 
Eaton ye 


7 

7 
or 
7 


Solution 
xn es xny3s = = K(x? as yy a. 
= x(x + N(x? - = Re pica " 
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7.4 Exercises 


Objective A 





Which of the expressions are perfect squares? 


B48; 252%) 12y25 100x*y4 2. 9; 18; 15a’; 49b!2. 64a'6h2 


Name the square root of the expression. 


5.5 Log* 4. 36d! Sao db? 
Factor. 

eee ea LO 8. y* — 49 9. 
10. Six? — 4 Li 6x2 121 12. 
P35 l= 9a" 14. 16 — 81y2 15. 
6 a*b? — 25 17. x7+4 18. 
1979 25 G*D* 20, 64 245- Zale 
Zou 316 232x736 24. 
2 Stee DE teh 26. a> + 14a + 49 27: 
28. 49x? + 28x + 4 29. 4a2+4a-1 30. 
31. b? + 7b + 14 S28ty? Soya 33. 
34. 4x%y2 + 1l2xy + 9 35. 25a? — 40ab + 16b? 36. 
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6. 25m?n!? 
Oe | 
49y? — 36 
xy? = 100 
Gat Ako 
eM 
y? — 6y-+ 9 


16x? — 40x + 25 


Ox? + 12x — 4 


x? roxy Oy 


4a? — 36ab + 81b? 
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37. x2" + 6x" + 9 38. y2" — Loy" + 64 39. (x — 4)? -9 


40. 16= (a — 3) 41; @—y)— Geror 42) C= 2y)? [6447 





Objective B los 





Which of the expressions are perfect cubes? 


43. 4: 8: x9: a8b8: 27c15d18 44. 9; 27; y!?; m3n°; 64mn? 


Name the cube root of the expression. 


45. 8x? 46. 27y'5 47. 64a%b'8 48. 125c!2d3 

Factor. 

49. x°-—27 5050.y> 47125 51. 83-1 

52, 64a? + 27 53.98 ly? 54. x? — by, 

55. m34+n3 56. 27a3? + b3 57. 64x%34+ 1 

58. 1 —- 125b3 59. 27a? > 8y> 60. 64x? + 27y3 

61. x3y3 + 64 62._ 8x? + 27 63. 16x =a ye 
E 

64. 27x? — 8y? 65. 8x? 7=29y2 66. 27a? — 16 Z 
‘'& 
= 
2 

67. (a = b)3 Fj b3 68. abt (a SF b)3 69. ie ae yy3n & 
4 

70. 3n aie 3n 3n 5 Ee 

xen ty 71Aar? 8 72, G*5t64 Se 

¢g 
a) 
By 
8 
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Objective C 

Factor. 
13. EP Soyer 5 Tae ye = 8x = 33 13. eye | [xy or OO 
76, a*b? + foe + 24 The x? = 9x2 + 18 18.0), = Oye =a 
79. b* — 13b2 — 90 80. a*+ 14a2 + 45 SL xy aye 
82." a*b* + 11ab? — 26 Soom ren? 84. ae? =a 2 
Soa. 3x7y? — 14xyp + 15 86. 5x*y* — 59xy + 44 87. 60°07 = 23dpe | 
88. 10a2b? + 3ab —7 S927 = 30s 115 90.) 3x7 20 Xe oe 
Sie 7X 3 92. Ax 8x 5 937607" 190) 





Objective D 


Factor. 
O45 10 tS OR 2 56X21 OG meets 
OT te a =a 98. 47x47 — 25 99 20 on) 
1008 57 — 10y? + 21y? 1LO1Y 2h 6y" = 555” T0272 10 
103. 16x*— 81 104. 8x° — 98x? 105. 16a — 2a‘ 
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106.8 x 107. ab® — b3 108. x*yo = ey 
109. 8x4 — 40x3 + 50x? 110. 6x> + 74x4 + 24x3 111. ae 

112, 16a? — b7 113. 7S" 114.0 x4 = 5x7 — 4 
LS de 25a~ — 144 116, 130) — 24p- 117.7 1647 = 2a 
118. 16x3y + 4x%y2 — 42xy3 ‘ 119. 24a2b? — 14ab? — 90b4 

W200 2 W217 = = 4G 

122. AR ye Axe Dyrt 9 123.46 — x? — 4 ye 

P24 ate 2 6a"? 9g? 123 te ee 

126. 2x42 — Jyntl + 3x 127. 3b"+2 + 4pn+1 — 4pn 


APPLYING THE CONCEPTS 


128. Find all integers k such that the trinomial is a perfect square. 
anrke +136 b4e ke 25 c. 49x? + kxy + 64y? 


129. The area of a square is (16x? + 24x + 9) m2. Find the dimensions 
of the square in terms of the variable x. Can x = 0? What are the possi- 
ble values of x? 





e, 130. Can a third-degree polynomial have factors (x — 1), (x + 1), (x — 3), and’ gy y 
(x + 4)? Why or why not? 


@ 131. Given that (x — 3) and (x + 4) are factors of x3 + 6x2 — 7x — 60, explain 
how you can find a third first-degree factor of x3 + 6x2 — 7x — 60. Then 
find the factor. 
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Objective A 
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Solving Equations 


To solve equations by factoring 





The Multiplication Property of Zero states that the product of a number and zero 
is zero. This property is stated below. 


If a is a real number, then a - 0 = 0-a = 0. 


Now consider x - y = 0. For this to be a true equation, then either x = 0 or 
y= 0. 


Principle of Zero Products 


If the product of two factors is zero, then at least one of the factors must be zero. 


lfa-b=0,thena=O0orb=0. 





The Principle of Zero Products is used to solve some equations. 


=> Solve: (x — 2)@— 3) = 0 


By the PrincipleSf Zero Pnoducts, if @ — 2)@ — 3) = 0;thenx = 2 = 0 or 
Wad ee (), 


(x — 2)@ — 3)=0 


x—(2= 0 x-—3=0 e Let each factor equal zero (the Principle 
of Zero Products). 
Ue ye ee ® Solve each equation for x. 

Check: 
(x —2)@— 3)=0 (x — 2)@ — 3) =0 
(2— 2)(2,513)) 1, 0 (3 = 2)(G.= 3) | 0 

OG 1) 0 (1)(0) | 0 

0=0 True 0=0 True 


The solutions are 2 and 3. 


An equation of the form ax? + bx +c =0,a#0,isa 3x2 +2x+1=0 
quadratic equation. A quadratic equation is in stan- 
dard form when the polynomial is in descending 4x? — 3x +2 =0 


order and equal to zero. The quadratic equations at the 
right are in standard form. 
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oa see => Solve: 2x? +x =6 
TAKE NOTE 





D = 
Note the steps involved 2x* +x =6 
in solving a quadratic : 22 x 16 — 0 e Write the equation in standard form. 
equation by factoring: 
(2X3) Gea) =) e Factor. 

1. Write in standard es 

form. 24 = 3 = 0 x+2=0 © Use the Principle of Zero Products. 

_ 2. Factor. 2 a= 3 Bo ays © Solve each equation for x. 

3. Set each factor equal 3 


4. Solve each equation. 


_ 5. Check the solutions. 3 ‘ c 3 
= and —2 check as solutions. The solutions are = and —2 


2) 2 
ae 1 : ae Try It 1 
Solve: xc — 3) = 0 Solve: 2x(x + 7) = 0 
Solution Your solution 
Ga 3 je () 
x=0 R= 2=0 
x=3 
The solutions are 0 and 3. 
Example 2 Nou Try It 2 
Solve: 2x? — 50 = 0 Solve: 4x2 -9 = 0 
Solution Your solution 
2x7 = 50 = 0 
D(a? =-925)"==10 
2a 5) = 5) = 0 
x+5=0 es) 
= 5 x=5 


The solutions are —5 and 5. 


Ss 
i Example 3 YouTry its: twas. ee en 
Solve: (« — 3)(« — 10) = -10 Solve. Gr4..2) (ie i= 52 
Solution Your solution 


(x= 3)\(%— 10) = =10 
x? — 13x + 30 =—10 © Multiply (x — 3)(x — 10). 


fea Ry. ce =A) © Add 10 to each side of ad 
@—8)G@—5)=0 the equation. The equation ; 
gee) sO) is now in standard form. 
x=8 x=5 


The solutions are 8 and 5. 


Solutions on p. S22 
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Objective =) Tosolve application problems 
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S ©. 


a 





Recall that the integers are the numbers ... , —3, —2, —1, 0, 1, 2,3,.... 


An even integer is an integer that is divisible by 2. Examples of even integers 
are —8, 0, and 22. An odd integer is an integer that is not divisible by 2. 
Examples of odd integers are —17, 1, and 39. 


Consecutive integers are integers that Lins 
follow one another in order. Examples of Orta a O 
consecutive integers are shown at the right. in Mgcetal aa? tebe 
(Assume that the variable n represents an 

integer.) 

Examples of consecutive even integers are 24720725 
shown at the right. (Assume that the vari- SU teh, Ke 
able n represents an even integer.) Digit 2200) Sv 3 
Examples of consecutive odd integers are eM 7) 
shown at the right. (Assume that the vari- cat bal boss) 

able n represents an odd integer.) Aen + 2A 


POPS OHHH HHH TOE HH SHE EESH ESE SESE EHSSSSEHESTESSF IFES O ESOS ESOS ESSE SSSESOS EH ES EES NOSOSEHEH SHOOTS SSEE ODES EES EO EES ESE OS SH OES EE ESOS HEE EEESOHEL OEE ES EEE OD ESSE S EH OEEE 


Example 4 

The sum of the squares of two consecutive 
positive even integers is equal to 100. Find the 
two integers. 


Strategy 
First positive even integer: n 
Second positive even integer: n + 2 


The sum of the square of the first positive even 
integer and the square of the second positive 
even integer is 100. 


Solution 
n? + (n + 2)? = 100 
n2+n*+4n+4= 100 
2n2 + 4n + 4 = 100 
2n? + 4n — 96 =0 
2(n2 + 2n — 48) = 0 
n?+2n—- 48 =0 © Divide each 
side of the 
equation by 2. 


(n — 6)(n + 8) =0 


n-6=0 n+8=0 
n=6 n=-8 


Because —8 is not a positive even integer, it is 
not a solution. 


n=6 


n+2=6+2=8 


The two integers are 6 and 8. 


= You Try It 4 
The sum of the squares of two positive 
consecutive integers is 61. Find the two 
integers. 


Your strategy 


Your solution 


Solution on p. S22 
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Pee eee ee eee eee eee eee OOOH EEE EEE ESE EEE ESEEE EES EEESSESEEOEEE OES ESSE EEE EESEOED FOEHSESES ESSE EOE HESOEHHSES ESOS SESE OEHHSESSESOSSSEESESHESESOSESEHSSSODELESSO OOS 


A stone is thrown into a well with an initial 
speed of 4 ft/s. The well is 420 ft deep. How 
many seconds later will the stone hit the 
bottom of the well? Use the equation 

d = vt + 16??, where d is the distance in feet, 
v is the initial speed, and ¢ is the time in 
seconds. 


Strategy 

To find the time for the stone to drop to 
the bottom of the well, replace the 
variables d and v by their given values 
and solve for ¢. 


Solution 
d=vt + 16? 
420 = 4t + 1672 
O = —420 + 4t + 16f2 
16¢?2 + 4¢ — 420 = 0 
4(47* +t — 105) = 0 
4t2+t-—105=0 © Divide each 
side of the 
equation by 4. 
(47 + 21) — 5) =0 


4t+21=0 t-5=0 
At = —21 t=5 
pepe 
4 


Because the time cannot be a negative 


T3\ 
number, gis nota solution. 


The time is 5 s. 


You Try It 5 

The length of a rectangle is 4 in. longer than 
twice the width. The area of the rectangle is 
96 in?. Find the length and width of the 
rectangle. 


Your strategy us 


Your solution 


Solution on p. S22 
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a 1. In your own words, explain why it is possible to solve a quadratic 
equation using the Principle of Zero Products. 


Objective A 


7.5 Exercises 





Solve. 


Zs 


6. 
10. 
14. 
18. 
22. 
26. 

: 30. 
= 

z 

er |_-34. 
Oo 

= 

= 
fe | 638. 
@ 

8 


Cam o)(y +2) = 0 


hie () 


yy +3) =0 


(b + 2)(b -— 5) =0 


4x? — 49 = 0 


x2+6x+8=0 


2a5— 0g — >= 0) 


x2 — 3x =0 


a? + 5a = —-4 


Jae AE 


oe 


|e 


725). 


749 


31. 


35% 


39. 


Pea) Yoo =) 


Me 2 = 0 


i4i — 7) = 0 


(b — 8)(b + 3) =0 


16x? -1=0 


x? — 8x +15=0 


3a? + 14a +8=0 


a? — 5a =0 
a? — 5a = 24 
3 Ph 10 


4. 


12. 


16. 


20. 


24. 


28. 


62: 


36. 


40. 
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(2 Diz 3) 0 


ado) 20) 
2a(3a-— 2)= 0 
2 =i $1 0 
O74 1110 


2452=14=0 


627 = 57> I= 0 


SKS 0 
Mite Bx0 
BEST 4 


: 


13. 


24. 


ZS: 


29. 


33. 


3i. 


41. 


415 


(Ga eo ee O) 


Gal? y= 0 


4b(2b + 5) = 0 


Kea LD let) 


16x? — 49 = 0 


z2+2z2-72=0 


6y2 — 19y + 15 =0 


2a — 8a = 0 


Vee haat 


Sl 6h == 12 


416 










42. 


46. 


50. 


54. 


57. 


Objective B 


60. 


61. 


62. 


63. 


64. 


65. 


66. 
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x12). ==27 43. xG 1 Die 12 4 45. 


p73 == 2 47. p(p-1)=20 48. yy + 4) =45 49. 


a(x + 3) = 28 512 po — 14) = 15 52. 8) = 3) = 30: 


(z —5)(z +4) =52 55.) (2 — 8) 4) = =35 56. 


(a + 3)(a + 4) = 72 58. (a - 4)(a + 7) = -18 59. 


Application Problems 


The square of a positive number is six more than five times the positive 
number. Find the number. 


The square of a negative number is fifteen more than twice the negative 
number. Find the number. 


The sum of two numbers is six. The sum of the squares of the two num- 
bers is twenty. Find the two numbers. 


The sum of two numbers is eight. The sum of the squares of the two num- 
bers is thirty-four. Find the two numbers. 


The sum of the squares of two consecutive positive integers is forty-one. 
Find the two integers. 


The sum of the squares of two consecutive positive even integers is one 
hundred sixty-four. Find the two integers. a 


The length of a rectangle is 2 ft more than twice the width. The area of the 
rectangle is 84 ft?. Find the length and width of the rectangle. 


y(y + 8) = -15 


yy 8) = 15 


(x + 4x — 1) = 14 


(zy— 6)(z + 1) == 210 


(26 + 5)\ix al =e 





2w +2 
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67. The length of a rectangle is 8 cm more than three times the width. 


The area of the rectangle is 380 cm2. Find the length and width of the 
rectangle. 


2 


The formula S = 2 ala 





gives the sum, S, of the first 1 natural numbers. 
Use this formula for Exercises 68 and 69, 


68. How many consecutive natural numbers beginning with 1 will give asum 
of 78? 


69. How many consecutive natural numbers beginning with 1 will give a sum 
otl71? 


2 


The formula N = : 





fa.4 
gives the number, N, of football games that must be 


scheduled in a league with t teams if each team is to play every other team 
once. Use this formula for Exercises 70 and 71. 


70. How many teams are in a league that schedules 15 games in such a way 
that each team plays every other team once? 


71. How many teams are in a league that schedules 45 games in such a way 
that each team plays every other team once? 


The distance, s, in feet, that an object will fall (neglecting air resistance) in 
t seconds is given by s = vt + 16f, where v is the initial velocity of the object 
in feet per second. Use this formula for Exercises 72 and 73. 


72. An object is released from the top of a building 192 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds later 
will the object hit the ground? 


73. An object is released from the top of a building 320 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds later 
will the object hit the ground? 


The height, h, in feet, an object will attain (neglecting air resistance) in ¢ sec- 
onds is given by h = vt — 16¢?, where v is the initial velocity of the object in feet 
per second. Use this formula for Exercises 74 and 75. 


74. A golf ball is thrown onto a cement surface and rebounds straight up. The 
initial velocity of the rebound is 60 ft/s. How many seconds later will the 
golf ball return to the ground? 


75. A foul ball leaves a bat and travels straight up with an initial velocity of 
64 ft/s. How many seconds later will the ball be 64 ft above the ground? 





417 
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76. The height of a triangle is 8 cm more than the length of the base. The area 
of the triangle is 64 cm2. Find the base and height of the triangle. 


b+8 


77. The height of a triangle is 4 m more than twice the length of the base. The 
area of the triangle is 35 m?. Find the height of the triangle. 


78. The length of each side of a square is extended 5 in. The area of the 
resulting square is 64 in?. Find the length of a side of the original square. \ 


79. A-small garden measures 8 ft by 10 ft. A uniform border around the gar- 
den increases the total area to 143 ft?. What is the width of the border? 





80. The page of a book measures 6 in. by 9 in. A uniform border around the 
page leaves 28 in? for type. What are the dimensions of the type area? 





81. The radius of a circle is increased by 3 in.; this increases the area by 
100 in’. Find the radius of the original circle. Round to the nearest 
hundredth. 





APPLYING THE CONCEPTS 


82. The length of a rectangle is 7 cm, and the width is 4 cm. If both 7cm 
the length and the width are increased by equal amounts, the area of the 
rectangle is increased by 42 cm?. Find the length and width of the larger 4cm 
rectangle. 


83. A rectangular piece of cardboard is 10 in. longer than it is wide. Squares 
2 in. on a side are to be cut from each corner, and then the sides will be 
folded up to make an open box with a volume of 192 in3. Find the length 
and width of the piece of cardboard. 





84. Solve: p? = 9p? 85.. Solve: & + 3)Qx = 1).= 3 = a5 — 3x) 


86. Find 3n? if n(n + 5) = —4. hoe 


; 87. Explain the error made in solving the equation at (x + 2)(x — 3 G86 
the right. Solve the equation correctly. Cr ZING DotaeG 


x=4 x9 
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© Focus on Problem Solving 


Polya’s Four-Step 
Process 


Wy 


Ss 


WEB 








Point of Interest 


was born in 

Hi nd moved to the 
United States in 1940. He lived 
in Providence, Rhode Island, 
where he taught at Brown 
University until 1942, when he 
moved to California. There he 
taught at Stanford University 
until his retirement. While at 
Stanford, he published 10 
books and a number of articles 
for mathematics journals. Of 
the books Polya published, 
How To Solve It (1945) is one of 
the best known. In this book, 
Polya outlines a strategy for 
solving problems. This strategy, 
although frequently applied to 
mathematics, can be used to 
solve problems from virtually 
any discipline. 


Your success in mathematics and your success in the workplace are heavily 
dependent on your ability to solve problems. One of the foremost mathemati- 
cians to study problem solving was George Polya (1887-1985). The basic struc- 
ture that Polya advocated for problem solving has four steps, as outlined below. 


(For more information on Polya and his work, conduct a search on the Internet for 
“Polya.” You can also search the Math Forum at www.forum.swarthmore.edu.) 


1. Understand the Problem 


You must have a clear understanding of the problem. To help you focus on 
understanding the problem, here are some questions to think about. 


e Can you restate the problem in your own words? 

e Can you determine what is known about these types of problems? 

e Is there missing information that you need in order to solve the problem? 
e Is there information given that is not needed? 

e What is the goal? 


2. Devise a Plan 


Successful problem solvers use a variety of techniques when they attempt to 
solve a problem. Here are some frequently used strategies. 


e Make a list of the known information. 

e Make a list of information that is needed to solve the problem. 

e Make a table or draw a diagram. 

¢ Work backwards. 

¢ Try to solve a similar but simpler problem. 

e Research the problem to determine whether there are known techniques for 
solving problems of its kind. 

e Try to determine whether some pattern exists. 

e Write an equation. 


3. Carry Out the Plan 
Once you have devised a plan, you must carry it out. 


¢ Work carefully. 

e Keep an accurate and neat record of all your attempts. 

e Realize that some of your initial plans will not work and that you may have to 
return to Step 2 and devise another plan or modify your existing plan. 


4. Review Your Solution 
Once you have found a solution, check the solution against the known facts. 


e Ensure that the solution is consistent with the facts of the problem. 

e Interpret the solution in the context of the problem. 

¢ Ask yourself whether there are generalizations of the solution that could apply 
to other problems. 

e Determine the strengths and weaknesses of your solution. For instance, is your 
solution only an approximation to the actual solution? 

e Consider the possibility of alternative solutions. 


420 Chapter 7 / Factoring 


We will use Polya’s four-step process to solve the following problem. 


|Sin. A large soft drink costs $1.25 at a college cafeteria. The dimensions of the cup 
are shown at the left. Suppose you don’t put any ice in the cup. Determine the 
cost per ounce for the soft drink. 





1 6 in. 

1. Understand the problem. We must determine the cost per ounce for the soda. 
To do this, we need the dimensions of the cup (which are given), the cost of 
the drink (given), and a formula for the volume of the cup (unknown). Also, 
because the dimensions are given in inches, the volume will be in cubic 
inches; we need a conversion factor that will convert cubic inches to fluid 
ounces. 


| in. 





2. Devise a plan. Consult a resource book that gives the volume of the figure, 
which is called a frustrum. The formula for the volume is 


V = Th (2 TR a ee) 


where /: is the height, r is the radius of the base, and R is the radius of the top. 
Also from a reference book, 1 in? ~ 0.55 fl oz. The general plan is to calculate 
the volume, convert the answer to fluid ounces, and then divide the cost by 
the number of fluid ounces. 


3. Carry out the plan. Using the information from the drawing, evaluate the 
formula for the volume. 


V= ort? + 1(1.5) + 1.57] = 9.57 = 29.8451 in3 


V = 29.8451(0.55) ~ 16.4148 fl oz © Convert to fluid ounces. 
Cost = Nels aenie = 0.07615 © Divide the cost by the volume 
ost per ounce 16.4148 i y ‘ 


The cost of the soft drink is approximately 7.62 cents per ounce. 


4. Review the solution. The cost of a 12-ounce can of soda from a vending 
machine is generally about 75¢. Therefore, the cost of canned soda is 
75¢ + 12 = 6.25¢ per ounce. This is consistent with our solution. This 
does not mean our solution is correct, but it does indicate that it is at least 
reasonable. Why might soda from a cafeteria be more expensive per ounce 
than soda from a vending machine? 


Is there an alternative way to obtain the solution? There are probably many, 
but one possibility is to get a measuring cup, pour the soft drink into it, and 


read the number of ounces. Name an advantage and a disadvantage of this 
method. 


Use the four-step solution process for the following problems. 


1. A cup dispenser next to a water cooler holds cups that have the shape of a’ 
right circular cone. The height of the cone is 4 in., and the radius of the cir-' 
cular top is 1.5 in. How many ounces of water can the cup hold? 


2. Soft drink manufacturers do research into the preferences of consumers with 
regard to the look and feel and size of a soft drink can. Suppose that a man- 
ufacturer has determined that people want to have their hand reach around 
approximately 75% of the can. If this preference is to be achieved, how tall 


should the can be if it contains 12 oz of fluid? Assume the can is a right cir- 
cular cylinder, 
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& Projects and Group Activities 


Water Displacement When an object is placed in water, the object displaces an amount of water that 
is equal to the volume of the object. 


= A sphere with a diameter of 4 in. is placed in a rectangular tank of water that 
is 6 in. long and 5 in. wide. How much does the water level rise? Round to the 
nearest hundredth. 


4 


V= 3 ar? © Use the formula for the volume of a sphere. 


4 
V=Sa2)= Sm ers 


d= 
2 


1 
g(t =2 


NI= 


Let x represent the amount of the rise in water level. The volume of the 
sphere will equal the volume displaced by the water. As shown at the left, 
this volume is the rectangular solid with width 5 in., length 6 in., and height 





Haga 
V = LWH e Use the formula for the volume of a rectangular solid. 

32 439 
<¥ a = (6)(5)x © Substitute 3 7 for V, 5 for W, and 6 for L. 

32 ; es) 
—T =X © The exact height that the water will fill is — zz. 

90 90 

Pes ee © Use a calculator to find an approximation. 


The water will rise approximately 1.12 in. 








Figure 1 Figure 2 Figure 3 


1. A cylinder with a 2-centimeter radius and a height of 10 cm is submerged in 
a tank of water that is 20 cm wide and 30 cm long (see Figure 1). How much 
does the water level rise? Round to the nearest hundredth. 

2. A sphere with a radius of 6 in. is placed in a rectangular tank of water that is 
16 in. wide and 20 in. long (see Figure 2). The sphere displaces water until 
two-thirds of the sphere is submerged. How much does the water level rise? 
Round to the nearest hundredth. 

3. A chemist wants to know the density of a statue that weighs 15 lb. The statue 
is placed in a rectangular tank of water that is 12 in. long and 12 in. wide (see 
Figure 3). The water level rises 0.42 in. Find the density of the statue. Round 
to the nearest hundredth. (Hint: Density = weight + volume) 


ey e - 7 7 
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Chapter Summary 


Key Words The greatest common factor (GCF) of two or more monomials is the product of 
the GCF of the coefficients and the common variable factors. [p. 379] 





To factor a polynomial means to write the polynomial as a product of other 
polynomials. [p. 379] 


al * 


To factor a trinomial of the form ax? + bx + c means to express the trinomial as 
the product of two binomials. [p. 385 | 


A polynomial is nonfactorable over the integers if it does not factor using only 
integers. Such a polynomial is called a prime polynomial. {p. 386] 


POSTSCHHESFOLESSSEOHESEEESRSESSEEBHEEHESEEEHEEOS 


A product of a term and itself is a perfect square. |p. 401 | 


The product of the same three factors is a perfect cube. [p. 403] 


An equation of the form ax? + bx + c = 0,a # 0, is a quadratic equation. [p. 411] 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. The quadratic equation ax? + bx + c= 0 is in stan- 
dard form. [p. 411] 


Essential Rules _ Factors of the Difference of Two a* —b?=(a+ b)a — b) 
Perfect Squares [p. 401 ] 


@eeeeoeseeoeosseeersveeseoeeesenn 


Factors of a Perfect-Square a* + 2ab + b? = (a + by : 
Trinomial [p. 401] a> = 2ab + b? = (a —b)? : 
Factors of the Sum or Difference a+b>=(a+ ba —ab + b?) 
of Two Cubes [p. 403] a? — b3 = (a — b)(a2 + ab + b?) : 


Principle of Zero Products [p. 411] 


If the product of two factors is zero, Ifa -b= 0, then 
then at least one of the factors must a=O0orb=0. 
be zero. 


General Factoring Strategy [p. 405] 


1. Is there a common factor? If so, factor out the GCF * ‘ , 


2. If the polynomial is a binomial, is it the difference of two perfect squares, the 
sum of two cubes, or the difference of two cubes? If so, factor. 


3. If the polynomial is a trinomial, is it a perfect-square trinomial or the 
product of two binomials? If so, factor. 


4. If the polynomial has four terms, can it be factored by grouping? If so 
factor. | 


5. Is each factor nonfactorable over the integers? If not, factor, 


@eeeoeoseseoeoeeseoeeseeeuseseeeeceeeeeeoeeeeoee 
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11. 


13. 


15. 


@ Chapter Review 


Factor: 5x3 + 10x? + 35x 


Factor: 14y? — 49y® + 7y3 


Pactor: 10x* + 25x + 4xy + 10y 


Factor: b? — 13b + 30 


Factor: y2 + Sy — 36 


Factor: 4x3 — 20x? — 24x 


Factor 6x2 — 29x + 28 by using trial factors. 


Factor 2x2 — 5x + 6 by using trial factors. 


10. 


12. 


14. 


16. 


Chapter Review 423 


Factor: 12a2b + 3ab? 


Factor: 4x(x — 3) — 5(3 — x) 


Factor 2lav 35bx — 1 0by =. 6ay 


Factor: c? + 8c + 12 


Factor: 3a? — 15a — 42 


Factor: n* — 2n3 — 3n? 


Factor 12y2 + 16y — 3 by using trial factors. 


Factor 3x2 — 17x + 10 by grouping. 


424 


1G 


19. 


21. 


23. 


25. 


PI bs 


28. 


29. 


30. 


Chapter 7 / Factoring 


Factor 2a? — 19a — 60 by grouping. 


Pactorn-y2 = 9 


Factor: x2" — 12x" + 36 


Factor: 15x* + x2 — 6 


Factor: 3a° — 15a* — 18a? 


SolvesG@1)(¢ = 5)\= 16 


18. 


20. 


22s 


24. 


26. 


Factor 18a? — 3a — 10 by grouping. 


Factor 4x* 12x)" 9y- 


Factor: 64a3 — 27b3 


Factor: 21v?y* 7) 2327)" FG 


Solve: 4x2 + 27x = 7 


The length of a hockey field is 20 yd less than twice the width of the hockey 
field. The area of the hockey field is 6000 yd2. Find the length and width of 


the hockey field. 


A rectangular photograph has dimensions 15 in. by 12 in. A picture frame 
around the photograph increases the total area to 270 in2. What is the width 


of the frame? 


The lengths of two sides of a square garden plot are extended 4 ft, as shown 
in the figure at the right. The area of the resulting square is 576 ft?. Find the 


length of a side of the original garden plot. 


4 ft} 
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@ Chapter Test 


Factor: ab + 6a — 3b — 18 2. Factor: 2y+ — 14y3 — 16y? 

Factor 8x? + 20x — 48 by grouping. 4. Factor 6x* + 19x + 8 by using trial factors. 
Factor: a* — 19a + 48 64) Factors6%7/— 8x a 10% 

Bactors<- - 2x —.15 8. Solve: 4x7 -— 1=0 

Pactor 5x°= 45x — 15 10. Eactor: p* + 12p + 36 

Solve: x(x — 8) = —15 12) Bactor 3x (aye 124 

Bactor:.27x%? = 8 14. Factor 6x2y2 + 9xy? + 3y? by grouping. 


426 


15. 


17. 


19. 


ZA; 


23: 


24. 


25% 


Chapter 7 / Factoring 


Factor: 6a* — 13a? — 5 


Factor: x(p + 1) — (p + 1) 


Factor 2x* + 4x — 5 by using trial factors. * 


Factor: 4a? — 12ab + 9b2 


Solve: (2a — 3)(a + 7) =0 


16. 


18. 


20. 


Paps 


Factor: a(x — 2) + b@@ = 2) 


Factor: 3a? — 75 


Factor: x? — 9x — 36 


Factor: 4x? — 49y? 


The length of a rectangle is 3 cm longer than twice its width. The area of the 
rectangle is 90 cm?. Find the length and width of the rectangle. 


The sum of two numbers is ten. The sum of the squares of the two numbers 


is fifty-eight. Find the two numbers. 
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11. 


13. 


e Cumulative Review 





Subtract: —2 — (—3) — 5 — (-11) 


Evaluate —2a? + (2b) 
b=2,andc = -1. 





c when a = —4, 


Smnplity: —2[4% — 2(3 = 2x) — 8x] 


Solve: 3x — 2 = 12 — 5x 


120% of what number is 54? 


Graph y = rs. 








Find the equation of the line that contains 


2 
the point (—3, 4) and has slope 56 


10. 


| ee 


Cumulative Review 427 


Simplify: (3 — 7)? + (—2) — 3(—4) 


Multiply: 3 (—20x) 


Sr Pane 
Solve: oS ay 
Solve: —2 + 4[3% — 2(4 —x) — 3] = 4% + 2 


Giveny = a aed (2): 


Graph 5x°-- 3y = 15. 








14. Solve by substitution: 8x — y = 2 


Wise SK 


42 
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15. Solve by the addition method: 
ot 2y == 9 
12x — Ty = 2 
17. Multiply: (« + 2)(x? — 5% + 4) 
19. Simplify: @~*y3)? 
Zier actor 15x — 20x)" 
23. Solve: 3x2 + 19x -14=0 
25 


16. 


18. 


20. 


D4 


24. 


Simplify: (—3a3b2)? 


Divide: (8x2 + 4% — 3) = Qx = 3) 


Factor: 3a — 3b — ux +°bx 


Factor: x? = 54y —=14y- 


Solve: 6x? + 60 = 39x 


. A triangle has a 31° angle and a right angle. Find the measure of the third angle. 





26. A rectangular flower garden has a perimeter of 86 ft. The length of the gar- 28 ft 
den is 28 ft. What is the width of the garden? Se 
27. Aboard 10 ft long is cut into two pieces. Four times the length of the shorter 
piece is 2 ft less than three times the length of the longer piece. Find the 
length of each piece. 
28. An investment of $4000 was made at an annual simple interest rate of 8%. 
How much more money was invested at an annual simple interest rate of 
11% if the total interest earned in 1 year was $1035? 
29. A family drove to a resort at an average speed of 42 mph and later returned 
over the same road at an average speed of 56 mph. Find the distance to the 
resort if the total driving time was 7 h. 
30. The length of the base of a triangle is three times the height. The area of 


the triangle is 24 in?. Find the length of the base of the triangle. 
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Chapter Rational Expressions 


4 Objectives 
Section 8.1 
A To simplify a rational expression 


B To multiply rational expressions 
C To divide rational expressions 


Section 8.2 


A To find the least common multiple (LCM) of 
two or more polynomials 

B_ To express two fractions in terms of the LCM 
of their denominators 

C To add or subtract rational expressions mith 

D 





the same denominator 

To add or subtract rational expressions with In order to monitor species that are or are becoming 
different denominators g endangered, scientists need to determine the present 
population of that species. Scientists catch and tag a certain 
number of the animals and then release them. Later, a group 
A To pimplity a complex fraction of the animals from that same habitat is caught and the 
Section 8.4 i number tagged is counted. A proportion is used to estimate 
the total population size in that region, as shown in 
Exercise 70 on page 465. Tracking the tagged animals also 
assists scientists in learning more about the habits of 

that species. 


Section 8.3 


A To solve rational equations 

B. To solve proportions 

C To solve problems pwalving similar 
triangles 


-D To solve application problems 
- Section 8.5 
A To solve a literal equation for one of the 
variables 

_ Section 8.6 

A To solve work problems 
- B To solve uniform motion problems 
~ Section 8.7 


A To solve variation problems 


xe Need help? For on-line student resources, such as section 
Cer Sy quizzes, visit this textbook’s web site at 
WEB ~ college.hmco. Se ead : 
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Multiplication and Division 
of Rational Expressions 








VIDEO, 2M work 
To simplify a rational expression ) & Be 
TUTOR WEB 
A fraction in which the numerator and 5) ssid y Snipe 
denominator are polynomials is called a a 2ee sl" Ay? + 1 


rational expression. Examples of ra- 
tional expressions are shown at the right. 


Care must be exercised with a rational expression to ensure that when the vari- 
ables are replaced with numbers, the resulting denominator is not zero. 





Consider the rational expression at the 4x? — 9 
right. The value of x cannot be 3, because DUNG 
the denominator would then be zero. 43) = 9 Be? 
FENG = Oi Not a real number 


A rational expression is in simplest form when the numerator and denominator 
have no common factors. The Multiplication Property of One is used to write a 
rational expression in simplest form. 


x?-4 
mp> Si Ly. > 
Simplify eG 
Riga Ged treme ae 2) 
x>-2x-8 (x-—4)(x + 2) 
Sigt2e| a 2 2. 


e Factor the numerator and denominator. 














1 
xe A lee 50 = a 
Ne © The restrictions x # —2, 4 are 
= oe ae ae 
A necessary to prevent division 


by zero. 


This simplification is usually shown with slashes through the common factors. 
The last simplification would be shown as follows: 


Pee Cae 2) 


x —2x-8 (x — Ae +2) 





Factor the numerator and denominator. 





= — x #-2,4 e Divide by the common factors. 
“ate 
;  10+3x —x? 
=> Simplify: ere 
10+ 3x—x*? —(x* — 3x — 10) e Factor —1 from the trinomial in the 
eae —-5 | x? - 4x -5 numerator. 
1 
a eCard) ro) e Factor the numerator and denominator. 
(x + 1)@—5) Divide by the common factors. 
1 
+--2 


| 





= “a a) ee a ll Rei 
xt+1 
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For the remaining examples, we will omit the restrictions on the variables that 
prevent division by zero and assume that the values of the variables are such 
that division by zero is not possible. 


eercces Dp ee ercvecercr cece reece ee eee eee eee eee eee EOE OSSTSESOS EEE EEO TEESE ESE S SEES EEEES 
i 
SAPO ew eee eens eres ese seesseseea sees eres seessesesesseseeseseseseeeseesssseeee| q 











= Example 1 You Try It 1 ‘ 

; bg ; a me 8 
Simplify: éxty Simplify: TDxy? 
Solution Your solution ae. 
4x*y*  2y* © Use rules of 
6x4y 3x exponents. 

Example 2 "You Try It 2 
9 — x? x? +2x —24 

i ity: ——__—_ x Si Lis Ve eaeeesesc 
Soar x? +x—-12 Fp ty 16 — x? 
Solution Your solution 

Diarige MIs (5h 240) 
KE ID x x 12 
1 
- ee) ee ii to 
eS) + 4) x+4 
" Example 3 You Try It 3 
x? +2x -—15 x? + 4x —12 
Simply. Simplify: —————— 

LCE See mae a a Gare 25, 

Solution Your solution 


1 
Gee mlS Core Deel ox 15 
Re tela (Meme ee A) oo id 
Solutions on pp. S22-—S23 


To multiply rational expressions 





The product of two fractions is a fraction whose numerator is the product of the 
numerators of the two fractions and whose denominator is the product of the 
denominators of the two fractions. 


Rule for Multiplying Fractions 


It and 2 are fractions and b # 0, d #0, then—- 
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Zea 8, 3x 2 _ ox es chee 
3145 Yee EZ x ha De eae 
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Kw? +3x x? -—5x4+4 


=> Multiply: 
a pCR AD ONE em 





Rt 3x x = 5x 4 
3K A x? 2 = 3 





ee 2) (x Dal) ¢ Factor the numerator and 
(x-4)(x~+1) &+3)%-1) denominator of each fraction. 








_ xe +3) aye 1) 
G—AG + NEG —T 





e Multiply. 








lg A ¢ Write the answer in simplest form. 
Gaal 
i Example 4 ‘ You Try lt 4 
10x*-15x 3x-2 12x? + 3x a 
Multiply: ———-_——- - ————— —_—————. 
Mee a aeideees. » 20x 25 MUGDly Gets Geis 
Solution Your solution 
10x* — 15x ieee 2 
ie He 2 Oe 25: 
Beste — 3) (3x — 2) 
Aan — 2) © -3(45.=5) 
1 1 
wea sx 2) -x(2x — 3) 
4(3x—=2)3(4x —5) 4(4x —5) 
1 1 
: Ne ae assists daeculerecsnecemansenarancsoiesiccssnneru-sonreassce Dh essecsesseesseessecseennecnsecnecnneensecnecnnecanecnsersecnnscnncencesseess 
Example 5 1 You Try It 5 
24y%—-6 x*°+3x-4 PO Hata Sst ea ie Neg sa Face SK} 
Multiply: Sa PY 9 aay b eine Sarno 


Solution Your solution 
ea 6 x + ox — 4 
a ee Cae 

Pe G2) Gt a= 1) 

~ («@+3)a+4) 2-x)2+4+%) 


Ee — De + Vx = eae 
G&A DA+ A222 Hin) x 





Solutions on p. S23 
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» @ aS 
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To divide rational expressions 











: et a b 
The reciprocal of a fraction is a b = 
fraction with the numerator and 3 4 
denominator interchanged. Feaction = 7 oT Reciprocal 
z 
eal x 
x x2 


Rule for Dividing Fractions 


Divide fractions by multiplying the dividend by the reciprocal of 
the divisor. 



























2 20 x+4 "4-2 «+4 4 (4644) 
eo ey By ao 8 ee £2 Ge 
ee EE 
The basis for the division as, CURD GU ee 
rule is shown at the right. bod ¢ @ 4 St Sire 
ie eg Ke 
L Example 6 4 You Try It 6 
Bins a BED 2 2 
meek OG ay ile: a a 
Divide: Divide: ————- + 5 
2 2 Abe? — Ibe bbe — 3b? 
Solution Your solution 
meme y OX 2K 
e ; 2 
PECs ren ec 
& 6x? = 2xy 
= 
- ee ames 
uae yy 2 
Ms oan cctv Mtae ease: Ey ae Ee RIE, LO O8) Bee oe SS 
ie flexample 7 “You Try It 7 
ee 20 Sx 2 8 3x2 4 1 4 2 2 = 
Divide: = eS a Se eee Divide: 3x* + 26x + 16 acs 2x" + 9x —5 
Zig OK ie WON? 34° 1k OL 2 Pe eS 
Solution Your solution 


Dee 3x7 ataxia 

2x7 +3x-2 2x74 7x-—4 
ee ee 2x? + 7x — 4 
2x? By ED 3052 Ie 4. 


_ xt Le + 22x14) 2x 
Qe D+ 2)3x + Dera) 3x + 1 








Solutions on p. S23 
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8.1 Exercises 






Objective A 


S) 1. When is a rational expression in simplest form? 


x(x = 2) 
2a) 








S 2. Are the rational expressions and ; equal for all values of x? Why 


or why not? 














Simplify. 
9x3 a 16x?y ; (x + 3)? A (2x — 1)° 
23: ee 24Axy P13). ViQx1y¥" 
a 4 . See 5 6y(y + 2) “Vi 1223) 
te 4 — 3n OW oe as * Oy?(y + 2) 18x(3 — x) 
6x(x — 5) ag 14x37(7 — 3x) ag a’ + 4a i x? — 3x 
i 8x7(5 — x) *  21x(3x — 7) ~ ab +4b 2x — 6 
x 4— 3y+2 
4— 6x SX oy, 17. y 
as 3x? — 2x 18: 9 — 15x y? — 4y + 3 
2 
2 7+ 3x — 10 a*+7a-8 
Peet ot 6 (WE jae 20 re 
* x? + 8x + 15 x? + 2x -—8 
2 
% 7+ 8x + 16 aos 10 
| 24 x +x 712 22 ee 23 eee 
3 3 Sera Sa ay, 
ec 
2 = : 
= ae 2x3 + 2x? — 4x 6 Rhee ad V2 
eB 24. an 25. Rea SS as 
3 
= 
s 
i 6x? — Tx +2 2n?-9n +4 99, Rt3e=28 
Bele! Ars. a ores Pat) 24 - 2x —x 
& Cie ok — 6 
2 
c 
3 
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Objective B 





























Multiply. 
Reena sae (4a°b? ni25e° 
Mh ee 310 ae 
Oy? 4x 15a-y* 9 16ap 
on 12iey' 14a°b* aa 18a%b* 50x°y° See 
Sab Oxy2 Dax ys 27a be 
34 347 One 10x— 40 35 8x — 12 42x 4+ 21 
ors 200 277.54 | 14eea7 9327 245 
ey. i ey ys ae 4a’x — 3a? 2b>y + 5b? 
* Qxny — 3y 3x3 + 2x? "  2by+5b 4ax — 3a 
2 ZG Bro 2 = 3 
af ee eee 39) oe ee 
xy x? +2x4+1 XV x? + 5x +6 
oe x? — 49 2° S = 
LO gee Se er 4 ee ee 
xo + 3x— 28 xy Met bax 30) ele 
a epee Oe Sa aaa ite 3a> + 4a? 3b° — Sab? 
"  Qxy+y 5x? — 2x3 ’ S5ab—3b 3a? + 4a 
: 
x*—2x-24 x?+5x4+6 Die 2 Ee E 
tk : cab 45. % 8x +7 x +34" 10 = 
Ca ta O 6x 8 xa 3x — 4 3° — OL 2 
y So 
E 
2 2 ; E 
re aE aaa Ge eeals gn. Jat i 205 yee 2 
x*+4x—-—21 x?+9x+ 18 y+ = 15 y2 43) 998 E 
© 
3 





Copyright © Houghton Mifflin Company. All rights reserved. 









48. 


50. 


52. 


54. 


Objective C 


56. 


58. 


60. 


62. 


64. 


mB Avvo) Ate SFG 
a+ 6x +5 84+ 2x — x? 


12x? — 6x 2x* + 10x3 
x7 + 6x45 ~4x?-1 


16+ 6x-x* x*-—6x—27 





mee 04 x? ae 72 


eee 2 X= Tie 30 
2x7 + 7x+3 x? — 6x — 40 





Divide. 


Any . Oxy 
1502 ab” 


Gere” 18x — 36 
8x +32 10x +40 


Git ke OK ATX 
12x-3 36x-9 


Pee 3 eet | 
xy ; ay 





x?—-49 x’?— 14x + 49 


ais 4,3 
x3 xy 
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49. 


51. 


53. 


55. 


Se 


59. 


61. 


63. 


65. 


25 — n? pi eS ite 0 
n?>—2n-35 n*—3n—-10 


8x7 + 4x? 7-4 
x? -—3x+2 16x?+ 8x 





Sa In 28 etal 
x*—13x+42 20—x-—x? 





iO ge AX sealer Le he) 
he es Oi AO cate 20 01 6 


Oxy". 45x4y? 
16a*b? = 14a"b 








28x+14 14x+7 
45x —30 30x — 20 





5a*y + 3a? 10ay + 6a 
2x3 + 5x? 6x3 + 15x? 





xy ee 
x2-3x-10 x?-x-20 


2495 xy 


fo alix 230° x? S870 410 
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4ax— 8a 2 -—xy 3x Oxy a Bx? x? 

















era Ga a a’b “aba 
x—-5e+6 x*?-6x4+8 AG Hee Ox SaAO! OK 2k ae 

oe x?-—9x +18 x? — 9x + 20 x? On = 35 ee ae ie 
: = cae = ty 250. yo pally 240 

70. Meme wel jee katie 12 ar a: oe y 


x? — 44-45 x? — 5x — 36 y+ By yl =< dy 25 


a Bele ee lee 28 “e yk ee ae ee 
" x?+7x4+10 x?-x-42 “47 -7x +10 40 - 3x — x? 
an 2 8k 20 2x? = 5x — 12 an Gn 130 Gr eee? 
" 2x*-7x-30 4x74+ 12x49 : 4n? — 9 4n?-1 
APPLYING THE CONCEPTS 
E : 9 
~ 76. Given the expression cme choose some values of x and evaluate the 


expression for those values. Is it possible to choose a value of x for which 
the value of the expression is greater than 10? If so, give such a value. If 
not, explain why it is not possible. 





“77. Given the expression 


\ 3” choose some values of y and evaluate the 


expression for those values. Is it possible to choose a value of y for which 
the value of the expression is greater than 10,000,000? If so, give such a 
value. If not, explain why it is not possible. 


Complete each simplification. 














x+5 x4+5 HS we 


ie.) 
f—) 
R 
oe) |S 
=i & 
| 
A/S 
(e2) 
—_ 
ge Ea 
Ww |<< 
> 
| 
Nd |< 
" BI 
ee 
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ee ee 


NERS At RLS OND RL EIR REALE) 





8.2 


TAKE NOTE 
The LCM of 12 and 18 is 
36 because 36 is the 
smallest number that 
both 12 and 18 divide 
evenly into. 


ReMONETETNSTENNCY 


TAKE NOTE 


The LCM must contain 
the factors of each 
polynomial. As shown 
with the braces at the 
right, the LCM contains 
the factors of 4x2 + 4x 
and the factors of 

x2+ 2x + 1. 


oer ere sores oeecrea eo seeesoeeeeeee 


Example 1 


Find the LCM of 4x?y and 6xy?. 


Solution 
4Ax*y=2-2-x: 


x+y 
Oxy? = 23° xr y vy 
MONG 22 8 ee ee Pip = 12x77? 


Soe reer ccenesseoesesoeessesessesee 


Example 2 


Find the LCM of x? — x — 6 and 9 — x?. 


Solution 


439 
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Addition and Subtraction of 
Rational Expressions 


To find the least common multiple, 
(LCM) of two or more polynomials 





The least common multiple (LCM) of two or more numbers is the smallest 
number that contains the prime factorization of each number. 


The LCM of 12 and 18 is 36 because a2 
36 contains the prime factors of 12 189=2 33.03 
and the prime factors of 18. Hastarsorits 
—— 
LCM 93 69 e233 


Factors of 18 


The least common multiple of two or more polynomials is the polynomial of 
least degree that contains the factors of each polynomial. 


To find the LCM of two or more polynomials, first factor each polynomial 
completely. The LCM is the product of each factor the greatest number of 
times it occurs in any one factorization. 


=> Find the LCM of 4x? + 4x and x? + 2x + 1. 


The LCM of the poly- Ax? + 4x = 4x(x + 1) =2-2-x(+ 1) 
nomials is the product ee (eel eck) 

of the LCM of the Factors of 4x2 + 4x 

numerical coefficients Tae 





and each _ variable LOM 322 -x(¢-+ 1) + 1) = 4e@ 4 IGS) 
SO 
factor the _ greatest aT Ce 


number of times it 
occurs in any one 
factorization. 


Boe ee OHO OHS SESE HEE TEHH SS OE OT EHSESED ODOT OH OSE POOH OEEOSOSESESTEHSSSHSESTO ESTEE ESO SSHSOE SHEE SSE OO SOFTER SSH ESESOSOSSSSH DES OS® 


You Try It 1 
Find the LCM of 8uv2 and 12uw. 


‘Your solution 


wooo ee cece ees e eee ecese se eeese Sesser ecese core sceesececssesossonresesesessesererosscoreooseeseseoenssrseneseesenesecsleN 


You Try It 2 
Find the LCM of m2 — 6m + 9 and 
m2 — 2m — 3. 


< 


Your solution 


Ke —x-6=(6% = 3)G + 2) 5 
9 xt = (x4? — 9) = —@ + 3) — 3) 
HGM = Ge — 3). + 2) +3) 


Solutions on p. S23 
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Objective B- 


TAKE NOTE 
Bee) 
3G = 2) 
We are multiplying each 
fraction by 1, so we are 
not changing the value 
of either fraction. 





EG 
= 1and—=1 
an oe 


To express two fractions in terms 
of the LCM of their denominators 






VIDEO. 


SS, @ 
Y 


When adding and subtracting fractions, it is frequently necessary to express two 
or more fractions in terms of a common denominator. This common denomina- 
tor is the LCM of the denominators of the fractions. 


: Kee 
=> Write the fractions tqya 
x 


denominators. 


Find the LCM of the 
denominators. 


For each fraction, mul- 
tiply the numerator 
and denominator. by 
the factors whose prod- 
uct with the denomina- 
tor is the LCM. 


and ME RALES in terms of the LCM of the 
(8) Sail 2 


The kCMas A24-Ge = 2). 


RL AAS) Be 2) eee 


4x2 sx? Be =D) Ae DD) 
heh ee 2x 2x? — 6x LCM 


6x2 — 12x 6x(x — 2) fore 12x?(x — 2) 








lee ee eee ee eee eer eee rere reer rere rer er rerrerrerrer rr er rrr rrr rere rere rr er ree eee ee ee ee ee) 


Example 3 


Re Ar Z 
Write the fractions —— 





an Bxy in 


terms of the LCM of the denominators. 


Solution 
The LCM is 24x?y. 


x+2_x+2 By 
chee eye ay 


ga I a 1 3x 











8xy Sx 3X 


SOPH HHA EOE H TOTES ESOS TE OEESOSO SESE ODETTE SEES OES OCOS ODES ESO E EEO S HEHE SEED ODE OES 


Example 4 


ae : Via 
Write the fractions —_——. and’ in 
Bi 


_ xy + loy 


24x? 


= 3x? = 3x 


24x7y 


= ji x 
x? +x —6 


terns of the LCM of the denominators. 


Solution 
Dai WNT Pe eet 





2x — x? ~~ —(x? = 2x) * 


a! 
x? — 2x 


The LCM is x(x — 2)(x + 3). 


2a 2 = 1 





oe 2x? + 5x —3 


Ix — x? Te Sy Fae ~ x(x — 2)(x + 3) 


x 


BG x2 


wx —6 &—2e+3) x xx—DEed+3) 


You Try It:3 


2x +41 
9y2z 
of the LCM of the denominators. 


—3 
Write the fractions aoe an 
4xy 


Your solution 


Pee we recccccccceccsasaseseeresesesessasensseceseceee ees eeeeoeeeeeeseceeseseesCeS 


You Try It 4 
x+4 De 
Write the fracti ey Sar i 
Ons ay ai ee 
terms of the LCM e the denominators. 


Your solution 


Solutions on p. S23 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


TAKE NOTE 2x 4 26-4 22-2) 
_ Be careful with signs Sp et 1 Sys a 
_ when subtracting 1 


_ algebraic fractions. Note 
_ that we must subtract gal ie = (ra) Ox: 3) - Sa Bees eee) 


_ the entire numerator RP —5et+4 x -—See4 8 x? -5x t+ 4 xt Se $4 
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Objective C To add or subtract rational expressions VIDEO. ee 
with the same denominator D> Lo 
WEB SSM 
When adding rational expressions in which the denomi- a 
nators are the same, add the numerators. The denomi- by 
nator of the sum is the common denominator. 






CD y 
TUTOR 





Sx 7x _ Sx tix _ 12x DX 











iso 8 Se) 

1 Note that the sum 
oni = ! epee * (+1) - I is written in sim- 
Cette eee x 1 Ge O41) x-1 plest form. 


When subtracting rational expressions in which the denominators are the same, 
subtract the numerators. The denominator of the difference is the common 
denominator. Write the answer in simplest form. 





=2 








20 =F 3. 


, (Be. 1) = Qe + 3) = I 
| 82-1 2x = 3. ge Se Ng eo) ean 





(acne 


PPO OPTS SESS ESSE ESE S TSS ESE STH ES ESTEE SEESSSESES ESS SESE SESSSESESSHSOESEHSEEEHS SOFTEST E SOS ES TEE EHEOSESESEODOS EO TSOSESEHSO SESS SESSS OS OES ESSHOSESES EE DEOESESSES 











Example 5 ; + You oY It 5 
2 
Add: 5 +3 nde eu 
ae a ey xy 
Solution Your solution 
ee eee. 16 
er 
POSS SO SHOES SSSESESEHSEHEHEHESEHHEEEHEESESEEHEOEEEE De ecaae cme tedtpecahats stern nanetmadercnscan-ct seer tt teen anee eee 
Exatniple 6 HYou Try It 6 : 
3x? x+4 2x ee 
Subtract: a aan Subtract: pa 21 2, ear 
Solution Your solution 
Bree A: Boe 4) 
eel: x7 -1 
3x? -x —4 
eee 1 


_ Gx— Ae tN) _ 3x —4 
ice est) Sa 


Solutions on p. S23 


442 Chapter 8 / Rational Expressions 


eeccccoves 
Dw eee ee eee eee Oe OOOH OEE SEE EHH HEHE EEE SEH EOSESESHHSSHSSHEEHEHESHESETEED 
FCC OOOOH RHEE HEHEHE EEE HEHE EEE EEE E EES ESSE ESSE EESEDE SEH SEES STSEHESHEEEESOSEESEOS POE SESHSESESSOSOSSESOSSESHEEHEEEED 


Example 7 Z You Try It 7 
Simplify: Simplify: 

2x7 +5 x? — 3x x-2 x? -1 aywi2ecaeal x 
x2+2x —3 0 a a x27—8x+12 x?-8x+12 x*-8x +12 
Solution Your solution 

2x7 +5 x? — 3x x-2 
Dew a Oe or eo ee 
x7 +2x -3 x2? +2e-3 x? +2x -3 

_ (2x? +5) — (x? — 3x) + (x — 2) ae i 

r x2 +2x -—3 


WER tee a OK ee 
e x? + 2x -—3 


1 
Pee ete Bh Ger Sia el) ose Lo a 
yy = 3 («+ 3) — 1) x-1 


Solution on p. S23 


To add or subtract rational expressions — yinro 
with different denominators 





: We 
pas 


TUTOR WEB SSM 


Before two fractions with unlike denominators can be added or subtracted, 
each fraction must be expressed in terms of a common denominator. This 
common denominator is the LCM of the denominators of the fractions. 


TAKE NOTE 


_ This objective requires 
using the skills learned 


i in Objective 8.2B (to eae 


6 





_ express two fractions in 

_ terms of the LCM of 

_ their denominators) and 

_ 8.2C (to add or subtract 
algebraic fractions with 
the same denominator). 

Note the steps 

involved in adding or 
subtracting rational 

| expressions: 


1. Find the LCM of the 
denominators. 

2. Rewrite each fraction 
in terms of the 
common denominator. 

3. Add or subtract the 
rational expressions. 

4. Simplify the resulting 
sum or difference. 


=» Add: kona 


x? — 2x 
Ke 2 2) A) The LCM is x(x — 2)(x + 2). 
means Fi 6 x3 eZ 6 x 
x —4 "xe — 2) x2 = 2)@ 42)ex 








e Rewrite each 
fraction with 
x(x — 2)(x + 2) as 
the denominator. 





x? — 2x 


Pe 6 ii 6x 
xx —2)(x4+2) xe — 2) £2) 
_ &? -x -—6) + 6x 
X= 2) Gee 2) 
_ £ 5n = 6 ) 
x(x — 2)(x + 2) 
“Ga 0G= a) 

x(x — 2)(« + 2) 














© Add the fractions. 





The last step is to factor the numerator to determine whether there are com- 
mon factors in the numerator and denominator, For this example there are no 
common factors, so the answer is in simplest form. 
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— 





eee ee eee ee es SHPO eee e neces essereseseesereenesereceseseseecs| CRA Saragra) acd oe Scat ra ce By 


as Tor 5, ay oe 
ay. Sy 
Bet Ay Simplify: 5 ae 


_- — 


Js 
Ay 


Solution Your Enis 
The LCM of the denominators is 12x. . 


Uae ae 

D2, Ga ae % 12 3x 4 an. 3 
_ lay _ ley , oy 
le. 2x0 2x 
eel ays Loy + Sy" Sy. 


12x > 10% 


Po. 
- 


| Ace besesseeecens sistenssecnsecenseceancesnsecsnsensaneceasecennsnesseeegnen weececvess 


Example 9 You Try | ate ar 


: [ae ee pee 
Subtract: es co Subtract: = 


Solution ; - Your olution 
Remember: 3 — x = —(x — 3). ; : 


ee ee eee 
Therefore, er ay ie yet 


2x 5 253 25) 


“i 
Sart ee ee 


= 


Ro 3 3-x x-3 x«=-3 
_ 2x — ( 75) _ 2x +5 
x—3 x-3 


Sere ere reeressccescaseseeseseses epi CN Oe REPO EET TORR, fesssssecnsscesnsecconsscnsnsscecnareccansccnsnssctanssecsussccesnseranssesayy 


= Example 10 . “You Try It 10. Sa 
i en is ft - ae eae ee ee 
Subtract: oe =e e in rl ify Subtract: a= 1 e ee 


Solution ~ Your etre 
The LCM is (2x — 3)(x + 1). oe a ee 
2x 1 
ea 

Pape TL ae 3 
Searls x41 2x —3 
_2x? + 2x meet 
~ Qx—3)e+) @x-3)@+1 
ee Or a) et 8 
(2x — 3)(x + 1) (OS ae ara 


~ 
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Peas 11 ie Try It 11 
1 
Add: 1 + = Subtrack.2 —.——— 
x SE: 
Solution Your solution 
The LCM is x2. 
3 Kat ae 
1+5=1-54+5 
x? Sea dae eos 
= we + 3 = x? + 3 So ‘ 
en a aes 
Example 12 You Try It 12 
x 4-x Des Ge 
Subtract: = Add: + 
ae OR 1 tee ‘ a’—5a a?—25 
Solution Your solution 
De a(n 2) Xe eA) 
The LCM is 2x(« — 2). 
ea = oe, 2s Re Te 
Dea x? = 2 Ie 2) x xe = 2).2 
i ie Chew 
2 (Gio) 
Me eS 2) ea es 
Die 2) 2a) 
ma Ax —Zy ea 
2x(a— 2) 2% 
pee te So ee 
‘ ; Sih sp 3 4 Dee = 3 Dare 1 
Simplify: ——————_ & i fe na ated i te D a 
DoE ame eas Ses be SOPH 5 ite Se ee eee 
Solution Your solution 
The LCM is (2x + 1)(x — 1). 
Bue ae 22 a 3 af 4 
2x*—=x-1 2e+1 x1 
eae ag bi 2 
Ce a a2 1 na ye Se ee a 
a She ap 2 bi se 3 * 8x + 4 
(272 UGaaal) (2x SrA) 1) Oxeck Y=) t's 


_ Gx +2) ~ Gr-3)+ (8x44) } 
(2x + 1)(« — 1) 


Roker ear Sees Ot A ee oF 9 
(2a = 1) 2X al Ne = al} 


Solutions on p. S24 
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8.2 Exercises 


Objective A 





Find the LCM of the expressions. 


sy 
Tay 
‘Ses a's ee 
4x? + 8x 
9. 9x(c- 2) 
12(x + 2) 


13. "G — 1x + 2) 
G = 1) + 3) 


16 — 7)2) 
(@— 7) 


19. x2-x-6 
x2? +x -—12 


220. xk? = 10x + 21 
x? — 8x + 15 


25. x2 — 7x — 30 
x2 — 5x — 24 


28. 2x? — 9x + 10 
2e2eixn =7115 


31. 5+ 4x — x? 
gS 
x+1 
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2. 6ab2 3. 
18ab3 
6. 6y? Ls 
4y + 12 
10. 8x4(x = 1) 11. 
10x? — 1) 
14. (2x — 1) + 4) 
Qe4>1)@ + 4) 
17. x-1 
=D 
(= 11)Ge 42) 
20. x2 + 3x — 10 
x?+ 5x -— 14 
23. x2 — 2x — 24 
x2— 36 
26. 22 — 7x + 3 
2x? +x - 1 
29. 6+x-—x? 
x+2 
se 8 
32. x2+ 3x — 18 
33 = 
ae © 


10x*y2 
13x*y 


204 
3x2 + 12x 


Bx 
2x2 + 4x +2 


15. 


18. 


ZL: 


24. 


PAT be 


30. 


33° 


4. 12a’*b 
18ab? 
8. 4xy? 
6xy4 + 12y2 
12% 4412 
2 Neal 
(2x + 3) 


x7 3 )(ege5) 


(x + 4) 3) 
oa ot 
x= 3 


x ox ee 
Gilg > on ESN 


x? + 7x + 10 
x? — 25 


OY oe eel VS, Sea) 
3x? + 4x — 4 


15 + 2x — x? 
B= S 
Spe SB 


x? —5x +6 
il = 38 
a O 
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Objective B 








Write each fraction in terms of the LCM of the denominators. 














37. os = gAK nee ae mt ae ce 5) 
40. ep = D 41. GENO F ae re ma 
geen fee oe 
ge: Aone si ears se aes 
49. = os 50. eoss fa meee 
nie aa oS 

x +x —6' x? -—9 x? + 2x —15'x*+ 6x45 


Objective C 


@ 56. Explain the procedure for subtracting rational expressions with the same 
denominator. 


t's 
‘ 


Add or subtract. 


6ule> 3 
57. Pe 10 


ab ab See eee 


Si)e 
+ 
‘S,] 00 
ui 
0 
| 
| 
| 
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x 2 3 
60. = A ee ae oy Ly 
On eer 6 2G So W20453 she dyera “x4yhed 
















































































2x +1 = 
63. ees 6a. ae a oe 8 65. pie | ae 
x Pe ae 2krel ‘x 7 x9 +9 
6 = == = = 
66. XX >” 3x 4 67. BG Ae 3 68. 2n EE es 
x— 10 -x«— 10 Dede Tl Dee tay 3n+4 3n+4 
eG 3 
69. =; ae 70. 3K meee ee 
x +2x—-—15 x7 +2x-15 x7 +3x%-10 x«*+3x-10 
2x +3 f= 2 = = 
a a ‘pee a 
x*—-x-30 x*-x-30 x7+5x-6 x*4+5x-6 
4y + 7 = 5 x+1 x+2 
a 14 
2y°+7Ty-4 2y?+7y-4 2x°=5%-12 2x? —5x — 12 
ze 2x? + 3x 2x? —3 Aes el 
~ x? —9x +20 x2-—9x+20 x?—9x 20 
ve 2x? + 3x ee | x—-7 


x? —2x—-63 x?-2x-63 x?—-—2x - 63 






Objective D 


: \77. Explain the procedure for adding rational expressions with different 
denominators. 


Add or subtract. 


QIAN 
Sn 
S 
N 
a 


78. 


a |B 
SS [Gi 
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81. 


84. 


87. 


90. 


93. 


96. 


99. 


102. 


105. 


Chapter 8 / Rational Expressions 


ye 
3a 4a 
5 2 
— —- —- + — 








ge Be ab al 
aa 





6x 8x 
B= a, Eee) 
12y 18y 








Kaa Oey are | 
+ 





4x? 2x 
1 
2x +— 
x 
Remon hrs 
6x 8x? 


Air 5 im E20 
3x*y Axy? 





82. 


85. 


88. 


91. 


94. 


OT. 


100. 


103. 


106. 


ARR Sy Ae 
De AS OG 
69S" N2 
yy ay By 














3x Ore 
Dp = 3 ese 3 
-- 
2% 3x 
Coa eae t 
2x x 





bin le Wn | 
+ 











3x? 2x 
eae 
ell 
i ae 
xy xy 


Sx +7 4-3 





6xy? 8x*y 


86. 


89. 


923 


95. 


98. 


101. 


104. 


107. 


7 2 lees 
——P 
4y 6y 3y 


2 hoe 1 
xe 2s ey 


AV BS De a= 
+ 











6x 4x 
2x Oe x 
9x She 








3x? x 
4 — 

fe se al 

bole 
38 ae || 


3 ees 
—_ - >= 


xy xy 
Ke2 xX+7 
8x? 12xy 
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108. 


111. 


114. 


117. 


120. 


123. 


126. 


128. 


Berea ex 5 


2 

















6y Oxy 
mele 
Kee ae 3 
Bx . 2, 
x-4 x+6 
2a 5 
= Sen 
y 1 
+ —— 
ve 16 4 
O27) 
(Gar): 
3x -— 1 


R= 10x25) x5 


x+4 
Kee AD 


3 








=x 


109. 


ti2. 


115. 


118. 


121. 


124. 
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+ 
58 == 2) 


4x 





aap 3 





a eee: 


4x 
(= 4 





x 


5 
=o 





oa ae ee 





1 —x? 





ih SP 3¢ 


127° 


129. 


110. 


113. 


116. 


119. 


122. 


125. 





— 
Go c= 8) 





nim 


6x 
x+5 








x? -9 


@—1" | 
(x + 1)? 


y 
Cia Sd 
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x-4 





+ 
B= 3 


3 





2x +3 





+ 
56 8 





Vi, 





he ae S} 2. 


— 
x? — 3x — 10 


Gules Thee Vee Ci 3 





Saaeex 
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1ix-8 

bey: i he ee satu x-4 x+5 x%+x-20 
— 4x + 1 3x +2 49x +4 
ep), aca 2 I, urea CE 133. ee 

“ x—1 «4-3 x? -—4¢43 x-8 x+4 x x 

. ‘ 2 

2x+9 «+5 2x?4+3x-3 3% +5 ed ae! 

et 3-x Bgaay shape Dt EEE x+5 2-x «x*?4+3x-10 


APPLYING THE CONCEPTS 


136. Simplify. 
iy ten 1K b Lt 6, hee ee ee 
elisa alban reeds Ye DOSS x ee ee 


137. Rewrite the fraction as the sum of two fractions in simplest form. 


3x + 6y b 4a? + 3ab 3m’n + 2mn? 
a, ———— 


xy mera ps at 12m3n? 


x x7 +x+8 
= —— = = Eval 4), 2(4), 
138. Let f(x) nee) eg? and Si) eens valuate f(4), 2(4) 


and S(4). Does f(4) + g(4) = S(4)? Let a be a real number (a # —2,a # 3). 
Express S(a) in terms of f(a) and g(a). 





139. Suppose you drive about 12,000 mi per year and that the cost of gasoline 

averages $1.60 per gallon. 

a. Let x represent the number of miles per gallon your car gets. Write a 
variable expression for the amount you spend on gasoline for 1 year. 

b. Write and simplify a variable expression for the amount of money 
you will save each year if you can increase your gas mileage by 5 mi 
per gallon. 

ce. If you currently get 25 mi per gallon and you increase your gas. 
mileage by 5 mi per gallon, how much will you save in 1 year? 


\: ,140. When is the LCM of two expressions equal to their product? 
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Objective A 


Point of Interest 


ts 


n vany instances 
Imp ex fractions in 
application problems. The 








: il H 
fraction is used to 
1 1 


—+ — 
R, R, 


determine the total resistance 
in certain electric circuits. 


gpsenceoenmneroeomnrenuee mento verse saxcrpmanes LOR eNE sam POU aOUTERERT SORSOYERC AREER 


TAKE NOTE 


First of all, we are 

multiplying the complex 
2 

fraction by a 

which equals 1, so we 

are not changing the 

value of the fraction. 

Second, we are using 


the Distributive 
Property to multiply 


[ - Se and 
x 


[ + 2) 
x 


ecrasanimeneetersetrocc0 ORGS RSET RONSON SCNT TSE 


Si A DNS OP IOUS eM NA IRAN RR SED 


recency ae CDEC RE SETAC SACOG EMIOTD RIE eT eT 


eee 


RES ROA NE OSNRSNORN SNORE DRT RENE 





| TAKE NOTE 


z 


i 
| Recall that the fraction 
| bar can be read | 
“divided by.” | 

j 


3 
ener MP ASA SRRERERIMA SPEDE AS DOORIEOSE Mf TOR HERE STRESS NOL 


Complex Fractions 


VIDEQ» 






To simplify a complex fraction 


A complex fraction is a fraction 
whose numerator or denominator 
contains one or more fractions. 
Examples of complex fractions are 
shown at the right. 





ee 

=» Simplify: 
joe 
x 


ee) 
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TUTOR bss SSM 
1 1 
4+— +x+ 

3 x mre ee 

ie ; 1 

yb 3 = ot 
2 co Ee x+4 


Find the LCM of the denominators of the fractions in the numerator and 
denominator. The LCM of x and x? is x2. 


4 4 
1-— 3 
x2 


= 
iI 
NR 


4 |e 
hb 











¢ Multiply the numerator and denominator 
by the LCM. 


© Simplify. 


The method shown above of simplifying a complex fraction by multiplying the 
numerator and denominator by the LCM of the denominators is used in 
the examples on the next page. However, a different approach is to rewrite the 
numerator and denominator of the complex fraction as single fractions and then 
divide the numerator by the denominator. The example shown above is simpli- 


fied below using this alternative method. 





























ee ere 
ere ns <p see eee os 
- ie a ee x+2 
(eae Aine ea 
x x x x x x 
Bee teen ad x 
ie ee ey! 4. Nee 2 
me 4)e oat 2a 2x 
~ ¢2(x + 2) a (aoe 2) 
oo aree 
x 


Rewrite the numerator and denomi- 
nator of the complex fraction as sin- 
gle fractions. 


¢ Divide the numerator of the complex 
fraction by the denominator. 


¢ Multiply the fractions. Factor the 
numerator. 


© Simplify. 


Note that this is the same result as shown above. 
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' M oaicisiew cig natnttaw'c cba tele eucttale's sales eatsie th leaisainse bs siniec aves oeaelne caleatee smite went OD an cccuccccccccocctebecssscdeodasnsboetteeteeees citienas ceeen pm Samtmesiematiaiceas 
Example 1 ee Try It 1 
ome ie oa 
Bes 3° x 
Simplify: - i Simplify: Las 
x A aye 
Solution Your solution 
The LCM of x, 2, x2, and 4 is 4x2. 
lacae ieee | 1 1 ‘ 
a =. Agta —> Ax? a 2 
eke 24 Se Pe 
et esi? 4 1 
te Ay = — Aye 
Rom eA re A ee a 
1 
i Oe iO eo es: 
4 — x? (2 — x)(2+%) 2-x 
i Example 2 i Try It 2 
20 
jp = se 20 
x+4 aS ere 
Simplify: - Simplify: ———————_ 
Hig O.F eiay pipes 
Solution Your solution 
The LCM is x + 4. 
20 
= 3 45 
: x+4 
24 
— 10-4 
: x+4 
Ge = (3 ar a0 
ie plate So a 
pol He 24° x +4 
x+4 
20 
x(x + 4) — 8@ +4) + -@ +4) 
= x+4 
KE Bayern Geta lear’ 
x+4 
_ Sit Aiis SarB 220s xen 
x? +4x—10x -40+24 x? — 6x — 16 
1 
Ae ORS O) Gar 2a 6 ae 
ae) ees - 


Solutions on p. S24 
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8.3 Exercises 




















Simplify. 
aes 
1. : 
| -—— 
x2 
2 
Sere 
4. 3 
1- 
$2 32 
PD 
* Sepa 
fe i 
5+ 
xe ae Ti 
ae 
ee 
10. 
pee P08: 
x x 
6 8 
Ue Sel S ples 
B 1 13 ts 
5 Te 
3 cite A 
g 5,8 x 
2 
= 
e 
A, 
5 
AA , 
fe + — 
5 y v2 
s | 16. : 
g yp 2 
een 
a 
B 
8 


11. 


14. 


lg ls 














Tae: 
x 
16 
{ —-— 
Be) 
1+ 2 
Nia ee 
Ate 5 
y= 2 
3 
S+ 
f= 
1 
2- 
i= 
5 6 
1---—= 
Fee se 
ee 
He ae 
3 618 
eee 
4 
ae 
XG x 





ye oes 





2%:-F 1 


2 


15. 


18. 
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8 
2=— 
x+4 
12 
3- 
ee rhe 
ml 
2- 
Dis = I 
7 
3- 
Dee = | 
1 6 
1---—= 
x x? 
9 
1-—= 
e 
Lei. 
| att oe 
aaa 
i () 
1 oe rae ae 
Gane. 
ee 4 
x 3 
if 
1+ 
x43 
pee 
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14 
3 == 5) se 
x4 
19. 5 
ab 3 = 
, x+4 
> 
36 == 7 oe x 
22. - 
= 3 ce 
‘ se 1 
” D 
25. Dg = 3} 
iy My eau 
Jase —> 8} 
3 
Ren 
28. 
D ae 
i ae I 


APPLYING THE CONCEPTS 





Simplify. 
B15 le : 7 
ites 
2 
Ue a 
SS eo 


x ,37. How would you explain to a classmate why we multiply the numerator 
and denominator of a complex fraction by the LCM of the denominators 


























SG Lat 
20 i ac 
gh = (8) a 
ao 
een sack: 
” 2Zy #3 
23. 7 
5p 
4 Oe 
1 
ee 
26. 
——, 6) 
2x + 1 
ohh 
25 | ec 
29. 
4 2 
x 2x-1 
30s : 
1 
tee 
ies 


of the fractions in the numerator and denominator? 


PAW 


24. 


24s 


30. 


33. 


36. 























10 
+ = Se 
x +3 ay 
emue0e 
ey je = (9 
1h 
4+ a 
ie se = || 
9 
+1- 
5s el 
cS c 
pe eS fl 
3 1 
= + 
se sg = I 
4 3 
+ — 
Syese il ae 
om 2 
oh 5K ap Il 
1-—— 
1-— 
BG 
1+x7! 
1 ="! 
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Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 








TAKE NOTE 


Note that we are now 
solving equations, not 
operating on expressions. 
We are not writing each 


fraction in terms of the 
LCM of the denomi- 
nators; we are mul- 
tiplying both sides of the 
equation by the LCM of 
the denominators. 
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Rational Equations 





ine 
To solve an equation containing fractions, clear denominators by multiply- 


ing each side of the equation by the LCM of the denominators. Then solve for 
the variable. 


To solve rational equations 


greed | 2s rath: 


seedy . 
Solve: 4x She (che 

















re a 3x = bx © The LCM of 4x, 3x, and 6x is 12x. 
12 a 4 =| ob G5y (2) ¢ Multiply each side of the equation 
4x 3x 6x by the LCM of the denominators. 
12x * = _ be 2( 2 oy »(Z) © Simplify using the Distributive 
4x 3x 6x Property. 
taf) (2) a) 
1 4x Lolesx i Ox 
3xeal) + -4(2) = 27) © Solve for x. 
9x - 3+8=14 
9x +5= 14 
9x =9 
x=1 


1 checks as a solution. The solution is 1. 


Occasionally, a value of the variable that appears to be a solution of an equa- 
tion will make one of the denominators zero. In this case, the equation has no 
solution for that value of the variable. 


4 


























SSO 
2x 
=1+ 
ees Lire 2 
Le ¢ The LCM is x — 2. Multiply each 
(« — 2)- Se) ae Ce »(1 "a nee ;| side of the equation by the LCM. 
1 ae 4 ¢ Simplify using the Distributive 
e— os a5 er i i ar ge ve —2 Property and the Properties of 
‘ 1 Fractions. 
4 
{e—-2), 2x ie oye 
1 eae 1 ea 
1 
2x =x-2+4 © Solve for x. 
2% =x +2 ; 
x=2 


; Pes 4 
When «x is replaced by 2, the denominators of —| and ns are zero. There- 
fore, the equation has no solution. 
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wero es eeeeeroeseseeseseseeesee 
SPUETEUEUTUE TTT 












































4 does not check as a solution. 
The equation has no solution. 


Solutions on p. S25 


Example 1 You Try It 1 
52 2 ek ee ey 
Solve: our Solve: aaa 
Solution Your solution 
The LCM is x(x + 4). 
x _2 
x+4" x 
EO ere ae 
ae x+4 a 
1 1 
wera) x _#@+4) 2 
1 oat 0 1 x 
1 
x* = (x + 4)2 
Cee ama) 
Solve the quadratic equation by factoring. 
x? — 2x — 8 = 0 
(x — 4)&@ +2) =0 
a 4 = 10 x+2=0 
x=4 x=-2 
Both 4 and —2 check as solutions. 
The solutions are 4 and —2. 
Example 2 You Try lt 2 
ae 12 Pesci yee elo 
SOW ee eta Solve 5 3 eae 
Solution Your solution 
The LCM is x — 4. 
3x 12 
=5+ 
x-4 x-4 
3x 12 
— 4)| ——)] =(@-4)[5+ 
. (- ze 3] v (s a ‘| 
1 1 
(e224) Sx: (oe —4) 112 S 
5 = a + Qa ss 
1 aie CBs 1 “x-=4 5 
: 4 
Ales| 
3x = (x — 4)5 + 12 a 
3x = 5x — 20 + 12 2 
3x = 5x - 8 a E 
Oo 
—2x = -8 & 
= 
x=4 2 
® 
z 
@ 
8 
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NW lye 
EQ 
ys SSM 


Quantities such as 4 meters, 15 seconds, and 8 gallons are number quantities 
written with units. In these examples, the units are meters, seconds, and gallons. 


To solve proportions 





A ratio is the quotient of two quantities that have the same unit. 


The length of a living room is 16 ft and the width is 12 ft. The ratio of the length 
to the width is written 


16ft 16 4  Aratio is in simplest form when the two numbers do not have 


fie rw ID Gee a common factor. Note that the units are not written. 
A rate is the quotient of two quantities that have different units. 


There are 2 lb of salt in 8 gal of water. The salt-to-water rate is 








2lb _ \\b A rate is in simplest form when the two numbers do not have a 
8 gal 4gal common factor. The units are written as part of the rate. 
A proportion is an equation that states the equality 30 mie Sas 
of two ratios or rates. Examples of proportions are 4heo i 
shown at the right. 
as) ASE 
64 12 
SL 2 gad 
ee 4 8 
Solve: — == 
C53 
i = ie e The LCM of x and 3 is 3x. 
5 ie £8) 
4 2 : : 
Bx] = 3s 3 e Multiply each side of the proportion by 3x. 
x 
12 = 2x e Solve the equation. 
6=x 


The solution is 6. 


4 
it icinta a/wiaale|e/a'cle's(a mm m6 o1nl6'0 6 6'S'S[e010 010 06. 616.6016 0016 000 Wie 200 0)0 010 0.00 90 010.010 0.00 0:60.00 0 010 016 00 6: C0008 6 01006 8.000 00.00 ce 0008 Seu ceesaBolecicnececvesicevecesecevccievesesesencontesance 


You Try It 3 














“Example 3 
8 4 4 ee OLD 
Solve: 73 =; Solve: 3 =apy5 
8 4 : 
A =— Your solution 
Solution uiuee 
8 4 
= + — 
x(x + 3)> at x(x en 
8x = 4% + 3) 
8x = 4x + 12 
4x = 12 
x —. 


The solution is 3: 
Solution on p. S25 
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To solve problems involving similar triangles 


Similar objects have the same shape but not necessarily the same size. A tennis 
ball is similar to a basketball. A model ship is similar to an actual ship. 


Similar objects have corresponding parts; for example, the rudder on the model 
ship corresponds to the rudder on the actual ship. The relationship between the 
sizes of each of the corresponding parts can be are as a ratio, and each ratio 


will be the same. If the rudder on the model wits 1S a A the size of the rudder on 


the actual ship, then the model See is 759 “ the size of the actual wheel- 


house, the width of the model i 1S an 9 the width of the actual ship, and so on. 











The two triangles ABC and DEF F 
shown at the right are similar. 
Side AB corresponds to DE, side — et < : 4 
BC corresponds to EF, and side eS 
AC AC corresponds to DF. The height a ipo dD K 
CH corresponds to the height FK. se i 8 Kc, 
The ratios of corresponding parts 
are equal. 
BRO 4 se: |i ACT aes! BG wl? ve oa q CHG Same 
DE 8 2 -DF 62° (EF 4° 2 79s ek ne 


Since the ratios of corresponding parts are equal, three proportions can be 
formed using the sides of the triangles. 


AB_AC . AB BC =" whe wAC BC 

DE DF" 2 DE. Efe « om SDP erT, 
Three proportions can also be formed by using the sides and height of the 
triangles, 


AB CH JAC MGH Mee 15 oe 
Dever Kim «DF PRS ee) Serer 
™» Triangles ABC and , F 
DEF at the right are 
similar Find the Cc 
height of triangle pe eae) 
ABC. A Sim. 2 BD 12 in. GE 
AB 3 CH © Solve a proportion to find the 
DE FG height of triangle ABC. 
5 2 GH i 
Das 
5 CH 
{Dent es] ee 
2 i 3 
5 = 4(CH) 
1.25 =CH 


The height of triangle ABC is 1.25 in. 
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' TAKE NOTE 

_ Vertical angles of 

_ intersecting lines, 

_ parallel lines, and 

_ angles of a triangle are 

_ discussed in the chapter 
_ titled “Geometry.” 


OCP er oer eres ewseseseseesesessees 


Example 4 

In the figure at 
the, Tight,...AC«;is 
parallel to BD and 
angles C and D are 
right angles. Find 


the length of DO. 


Strategy 
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The corresponding angles in similar triangles are equal. Therefore, for the tri- 
angles in the last example, 


ZA = ZD, ZB= ZE, and ZC = ZF 


It is also true that if the three angles of one triangle are equal respectively to the 
three angles of another triangle, then the two triangles are similar. 


A line segment DE is drawn parallel to the base 
AB in the triangle at the right. 2x = 2m and 
Zy = Zn because corresponding angles are 
equal. 2C = ZC, and thus the three angles of 
triangle DEC are equal respectively to the three 
angles of triangle ABC. The triangle DEC is 
similar to the triangle ABC. 





The sum of the three angles of a triangle is 180°. If two angles of one triangle are 
equal to two angles of another triangle, then the third angles must be equal. Thus 
we can say that if two angles of one‘triangle are equal to two angles of another 
triangle, then the two triangles are similar. This fact is used in Example 4. 


he Try it4 


In the figure at A wT aS 
the right, AB is 
parallel to DC and 
angles A and D are 





right angles. Find O 
the area of tri- Z 4 cm 
angle AOB. eee 


Your strategy 


ZC = ZD because they are right angles. 

Zx = Zy because they are vertical angles. 
Therefore, triangle AOC is similar to triangle 
BOD because two angles of one triangle are 
equal to two angles of the other. Use a 
proportion to find the length of DO. 


AC E@ : 
: a Your solution 
Solution DB DO 
Gea eo? 
7 DO 


o 
1(D0)= = 11DO) 55 


4(DO) = 7(3) 
4(DO) = 21 
DO = 5.25 


The length of DO is 5.25 cm. 


Solution on p. S25 
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“n) 
Ub} by 
‘ Example 5 


The monthly loan payment for a car is $28.35 
for each $1000 borrowed. At this rate, find the 
monthly payment for a $6000 car loan. 


Strategy 

To find the monthly payment, write and solve a 
proportion, using P to represent the monthly 
car payment. 


Solution 
28.35 hs 
1000 6000 
28.35 P 
6000 aa) - 6000( =] 
PO sOr—s 


The monthly payment is $170.10. 


POOP CH HOS HE Te De DED ESD HHT O ETOH OH EHEO HORSES EOD SDE E TOTES DEE E SEO ESTO DEES USES EES [pee eeceescasecsaesoreseseease seer ere se eees esses e est eee eeeseesessereeessssenseee 
ee 6 ‘You Try It 6 


An investment of $500 earns $60 each year. At 
the same rate, how much additional money 
must be invested to earn $90 each year? 


Strategy 

To find the additional amount of money 

that must be invested, write and solve a 
proportion, using x to represent the additional 
money. Then 500 + x is the total amount 
invested. 


Solution 
60 90 
500 500+x 
5 Pee 
25 500 +x 


3 90 
25(500 + »(3] = 25(500 + Deed 
(500 + x)3 = 25(90) 
1500 + 3x = 2250 
3x = 750 
x = 250 


An additional $250 must be invested. 





a Wi 
- VIDEOup, ) ce 
ec ti ye D To solve application problems eal o) “> LY. 


You Try It 5 

Sixteen ceramic tiles are needed to tile an 
area of 9 ft?. At this rate, how many square 
feet can be tiled using 256 ceramic tiles? 


Your strategy 


Your solution 


Three ounces of a certain medication are 
required for a 150-pound adult. At the same 
rate, how many additional ounces of this 
medication are required for a 200-pound 
adult? 


Your strategy 


Your solution 


Solutions on pp. S25-S26 
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8.4 Exercises 


Objective A 








Solve. 
ee 
Bt ht ~2 
2 ee 
4. =—--—=-++ 
9 oe hY 
6 
re = 
2a+1 
6 
10. =3 5) 
0 A 3% 
9 
13. 1--—=4 
os 


16. 243 = 1) 
x 


19 a ty 3) 
may ft . ac 

2 4 a 2 
oy le? 2y = 1 








11. 


14. 


LZ. 


20. 


ZS: 


12 
sue = 2 





242=7 
x 














Section 8.4 / Rational Equations 461 


12. 


i> 


18. 


21. 


24. 


Ws 
Ble 
ls 
On| — 


Set Ag aly ee 


12 S V4 2 











9 
= 2 
Xero 
eae 
11 
oy 
5 3 
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5, 2+ = 
Ga=3 @=s 














Ml, sede = 








Objective B 





29; 


SZ: 


eq 34. How does a ratio differ from a rate? 


@, 35. What is a proportion? 


Solve. 


42. AS = 
8 a5 a! 





U1| \O 





45. = 


48. 





Sie 


40. 


43. 


46. 


49. 
































iG a 4 

x+4 x+4 
Zi ae 

ge ae dh Fe il 
4 oF ees: 
= SB B= s 

6_2 

Coes 

E58) 2 

198 6 

2 20 

11 x«-3 

ees e8 

Be 

Oe La 

ee eS) 





41. 


47. 


50. 











eyes 
ge Bee ae a 
5) pen 
Sy Ih ap 2 
a mek 
Vie Mige 2 
ones 

Oe 
So) eee 

5 10 
2 4 
x xt1 
K-~O6 x 

3 5 
22 x2 
7 14 
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Triangles ABC and DEF in Exercises 51 to 58 are similar. Round answers to the nearest tenth. 


51. Find side AC. 


15 cm 
A 4cm B D 


53. Find the height of triangle ABC. 


F 


C 12m 
de 5m 


A B 3p E 


55. Find the perimeter of triangle DEF. 


57. Find the area of triangle ABC. 


F 
A 12m B D 


18m E 


59. Given BD || AE, BD measures 5 cm, 
AE measures 8 cm, and AC measures 
10 cm, find the length of BC. 


52. Find side DE. 





56. Find the perimeter of triangle ABC. 


sas 


10m 
A 4m B D 5m E 


58. Find the area of triangle ABC. 


FE 

| 

| 

| 

Sa 15 cm} 

| | 

| | 

ie he Deals aes 

A 126m 8: D 22.5'em EB 


60. Given AC || DE, BD measures 8 m, 
AD measures 12 m, and BE measures 
6 m, find the length of BC. 


464 


61. 


63. 


65. 


66. 


67. The diagram at the right shows how surveyors laid out 
similar triangles along a ravine. Find the width, w, of the 
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Given DE || AC, DE measures 6 in., AC meas- 62. 
ures 10 in., and AB measures 15 in., find the 
length of DA. 
B 
D EB 
A ‘3 
Given MP and NO intersect at O, NO meas- 64. 


ures 24 cm, MN measures 10 cm, MP meas- 
ures 39 cm, and QO measures 12 cm, find 
the length of OP : 


M 
N Ses OQ 
12 


The sun's rays cast a shadow as shown in the diagram at 
the right. Find the height of the flagpole. Write the answer in 


terms of feet. 


Similar triangles can be used as an indirect way to measure 
inaccessible distances. The diagram at the right represents a 
river of width DC. The triangles AOB and DOC are similar. The 
distances AB, BO, and OC can be measured. Find the width of 


the river. 


ravine. 


Given MP and NO intersect at O, NO meas- 
ures 25 ft, MO measures 20 ft, and PO meas- 
ures 8 ft, find the length of QO. 


Q 


M P. 


N 


Given MO and NP intersect at O, NO meas- 
ures 12 m, MN measures 9 m, PQ measures 
3 m, and MQ measures 20 m, find the perime- 
ter of triangle OPQ. 


M 
a 


Q 


b 2%, h 
tesa 5 ft 9 in. 
Zea 


_—— 0 
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69. 


70. 


71. 


72. 


73. 


74. 


75. 
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Objecti ve D 


Section 8.4 / Rational Equations 


Application Problems 





Simple syrup used in making some desserts requires 2 cups (c) of 


2 oTs ; 
sugar for every ae of boiling water. At this rate, how many cups of 


sugar are required for 2 c boiling water? 


An exit poll survey showed that 4 out of every 7 voters cast a 
ballot in favor of an amendment to a city charter. At this rate, how 


many voters voted in favor of the amendment if 35,000 people 
voted? 


As part of a conservation effort for a lake, 40 fish are caught, tagged, and 
then released. Later 80 fish are caught. Four of the 80 fish are found to 
have tags. Estimate the number of fish in the lake. 


AG ome See 
On a map, two cities are 23 in. apart. If g im. on the map represents 


25 mi, find the number of miles between the two cities. 


The lighting for some billboards is provided by using solar energy. If 
3 small solar energy panels can generate 10 W of power, how many pan- 
els are necessary to provide 600 W of power? 


A soft drink is made by mixing 4 parts carbonated water with every 
3 parts syrup. How many milliliters of water are in 280 ml of soft drink? 


An air conditioning specialist recommends 2 air vents for each 300 ft? of 
floor space. At this rate, how many air vents are required for a 21,000- 
square-foot office building? 


A laser printer is rated by the number of pages per minute it can print. An 
inexpensive laser printer can print 5 pages every 2 min. At this rate, how 
long would it take to print a document 45 pages long? 


A company decides to accept a large shipment of 10,000 computer chips 
if there are 2 or fewer defects in a sample of 100 randomly chosen chips. 
Assuming that there are 300 defective chips in the shipment and that the 
rate of defective chips in the sample is the same as the rate in the ship- 
ment, will the shipment, be accepted? 
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To conserve energy and still allow for as much natural lighting 
as possible, an architect suggests that the ratio of the area of a window 
to the area of the total wall surface be 5 to 12. Using this ratio, deter- 
mine the recommended area of a window to be installed in a wall that 
measures 8 ft by 12 ft. 


Leonardo da Vinci measured various distances on the human body in 
order to make accurate drawings. He determined that generally the 
ratio of the kneeling height of a person to the standing height of that 


person is = Using this ratio, determine the height of a person who has 


a kneeling height of 48 in. 


In one of Leonardo da Vinci's notebooks he wrote that “. . . from the top 
to the bottom of the chin is the sixth part of a face, and it is the fifty- 
fourth part of the man.” Suppose the distance from the top to the bot- 
tom of the chin of a person is 1.25 in. Using da Vinci’s measurements, 
determine the height of this person. 


A painter estimates that 5 gal of paint will cover 1200 ft? of wall space. 
At this rate, how many additional gallons will be necessary to cover 
1680 ft?? 


APPLYING THE CONCEPTS 


Three people put their money together to buy lottery tickets. The first 
person put in $25, the second person put in $30, and the third person 
put in $35. One of their tickets was a winning ticket. If they won 
$4.5 million, what was the first person’s share of the winnings? 


No one belongs to both the Math Club and the Photography Club, but 
the two clubs join to hold a car wash. Ten members of the Math Club 
and 6 members of the Photography Club participate. The profits from 
the car wash are $120. If each club’s profits are proportional to the 
number of members participating, what share of the profits does the 
Math Club receive? 


A basketball player has made 5 out of every 6 foul shots attempted in 


one year of play. If 42 foul shots were missed that year, how many shots 
did the basketball player make? 


Explain the procedure for solving an equation that contains fractions. 
Include in your discussion how the LCM of the denominators is used 
to eliminate fractions in the equation. 
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Literal Equations 


Objective A To solve a literal equation VIDEQus 


for one of the variables 





A literal equation is an equation that contains more than Zio 3y = 6 
one variable. Examples of literal equations are shown at 4w — 2x + z= 0 
the right. 

Formulas are used to express a rela- 1 Lol 
tionship among physical quantities. 2) 4 ie We (Ebysics) 

A formula is a literal equation that ee a= (Mathematics) 
states measurements. : 
Examples of formulas are shown at A= P+ Prt (Business) 
the right. 


The Addition and Multiplication Properties can be used to solve a literal equa- 
tion for one of the variables. The goal is to rewrite the equation so that the 
variable being solved for is alone on one side of the equation and all the other 
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Example 1 


Solve s =a + (n — 1)d ford. 


Solution 


s=at+(n-1)d 


numbers and variables are on the other side. 


= Solve A = P(1 + i) fori. 


The goal is to rewrite the equation so that i is on one side of the equation and 
all other variables are on the other side. 


A=P(1 +i) 

A=P+Pi ¢ Use the Distributive Property to remove parentheses. 
Ao Pee Pee PP i © Subtract P from each side of the equation. 
A-P=Pi 
Hit = Pe e Divide each side of the equation by P. 

P P. 
et ae 
es 


eee ee ee eee eee eee eH ROOD OEE ESOS ESOL SESE DOSS HOES ESOS OSS FESO H ESSE HS EFES OSHS HESS SSSEEO SO SESESESESHS ESTES HOS OSESESESHOSOHOSHS SEES SOEEEHO ES 


You Try It 1 
Solve A = P + Prt forr. 


Your solution 


S—-a@=a-at+(n- ld 


ie Ge (ee lid 
Be ed 





n—1 

ca 
=a 

Tia 


Solution on p. S26 


soteeeeeseeneseeseeee pe tececscsecccrccccscrscnsesercnsssecccccres ee eccccccccecesesesersesoressssees 


i You Try It 2 


=" 


Solve s = ford; 


Your solution 


ry . 
a ae | aaa “ 
a 7 


: | 


Lp 


et | d-Meiee 
aoe 


ee ga a 
aly 


a 
Se 
ee 


. 


= 
— ie 
ete a Oe 
i 
a. oe oe 


on Vl 

pag | OD 
ae 
— | i 
eh ee I 


ai a 


~ 
4 


ee o. ‘it 


8 


$28 


| eer seeeees soseeeneennecs sesssenneenenen seneeeeeeneeeeseeeeeeene, SBI e a ain Spe it alee ee ca a ee ereseee 


& |Example 3 ; = ah "You Try It3. 

Solve L = a(1 + et) fore. pte ees 4 - Solve s = ee 1)d for n. 

Solution | hi 
L= AeA 
Pea a acer 

Daa =a + act, iemtnripate des A a . 

4 a = act Ee ene ae Soe eee . . |] 

Le: 


Your solution 


= , 
, / 

eheanincmardenseniscsenaascrassces ssatsseneenessesessessssonsesensosseeneeeneels Dees esas done anal ca'tan ouvacetisinihesis onde eeee esas So eoeeereseeoecsesereeseseoces 
“Example 4 


: ue “You Try It 4 
Solve M = C ~ tC for C. | : Solve S = C + rC for C. 





Solution 
U =O =7C 
Mi Ce - wis 


oi 27 


Your solution 





a dpe Spe ewee ys ease 


Solutions on p. S26 
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8.5 Exercises 






Objective A 





Solve the formula for the given variable. 








1 
in 4 = 5 bh; h (Geometry) 2. P=a+b+c;b (Geometry) 
3. d=rt;t (Physics) 4. E=I1R;R (Physics) 
5. PV =nRT: T (Chemistry) 6. A=bh;h (Geometry) 
We P= 20 + 2W: L (Geometry) Si Foe =C + 32;C (Temperature 
conversion) 
_2 5 
92 A= 5 hy + b,);b, (Geometry) 10. C= oF — 32). F . (Temperature 
conversion) 
1 
ti 3 An h (Geometry) 12002 RES: EC (Business) 
Cas. a 
13. R= ; “Ss (Business) HM te Fe as Fr & R (Business) 
15a 4 =P, > Prize? (Business) 16. T=fm—gm;m (Engineering) 
172A SSW ew; w (Physics) {8g = 5 5075 (Mathematics) 


APPLYING THE CONCEPTS 


The surface area of a right circular cylinder is given by the formula S = 2arh + 2ar?, 
where r is the radius of the base, and h is the height of the cylinder. 


19. a. Solve the formula S = 2arh + 271? for h. 


b. Use your answer to part a to find the height of a right circular cylinder 
when the surface area is 127 in? and the radius is 1 in. 

c. Use your answer to part a to find the height of a right circular cylinder 
when the surface area is 24 7 in? and the radius is 2 in. S = 12n in? 
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When markup is based on selling price, the selling price of a product is given 
by the formula S = C + rC, where C is the cost of the product, and r is the 
markup rate. 


20. a. Solve the formula S = C + rC for r. 

b. Use your answer to part a to find the markup rate on a tennis racket 
when the cost is $112 and the selling price is $180. 

c. Use your answer to part a to find the markup rate on a radio when the 


cost is $120 and the selling price is $172. 


Break-even analysis is a method used to determine the sales volume required 
for a company to break even, or experience neither a profit nor a loss on the 
sale of a product. The break-even point represents the number of units that 
must be made and sold for income from sales to equal the cost of the prod- 


F 
uct. The break-even point can be calculated using the formula B = S-V’ 
where F is the fixed costs, S is the selling price per unit, and V is the variable 
costs per unit. 


21. a. Solve the formula B = 





F 
Vy for S. 


b. Use your answer to part a to find the required selling price per desk for 
a company to break even. The fixed costs are $20,000, the variable 
costs per desk are $80, and the company plans to make and sell 
200 desks. 

c. Use your answer to part a to find the required selling price per camera 
for a company to break even. The fixed costs are $15,000, the variable 
costs per camera are $50, and the company plans to make and sell 
600 cameras. 


Resistors are used to control the flow of current. The total resistance of two 


resistors in a circuit can be given by the formula R = — where R, and 
<—— + ——— 


R, are the two resistors in the circuit. Resistance is measured in ohms. 


22. a. Solve the formula R = 





; for R,. 
Ry” Re 
b. Use your answer to part a to find the resistance in R, if the resistance in 
R, is 30 ohms and the total resistance is 12 ohms. 


c. Use your answer to part a to find the resistance in R, if the resistance 
in R, is 15 ohms and the total resistance is 6 ohms. 


Ry 
Electron 
flow: 

= it 






S Generator 
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Point of Interest / 


The following problem was 
recorded in the Jiuzhang, a 
Chinese text that dates to the 
Han dynasty (about 200 B.c. 

to A.D. 200). “A reservoir has 

5 channels bringing water to it. 
The first can fill the 


Reece | : 
reservoir in : day, the second in 


1 day, the third in 2 days, the 


fourth in 3 days, and the fifth in 
5 days. If all channels are open, 
how long does it take to fill the 
reservoir?” This problem is the 

earliest known work problem. 


TAKE NOTE 
Use the information 
given in the problem to 
fill in the “Rate” and 
“Time” columns of the 


table. Fill in the “Part 
Completed” column by 
multiplying the two 
expressions you wrote in 
each row. 
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Work and Uniform Motion 
Problems 


To solve work problems 
If a painter can paint a room in 4 h, then in 1 h the painter can paint 5 of the 





room. The painter's rate of work is ; of the room each hour. The rate of work is 
the part of a task that is completed in one unit of time. 

A pipe can fill a tank in 30 min. This pipe can fill = 5 Of the tank in 1 min. The 
rate of work is Tr of the tank each minute. If a BAe pipe can fill the tank 
in « min, the rate of work for the second pipe is L of the tank each minute. 


In solving a work problem, the goal is to determine the time it takes to complete 
a task. The basic equation that is used to solve work problems is 


Rate of work X time worked = part of task completed 
For example, if a faucet can fill a sink in 6 min, then in 5 min the faucet can 


fill - x5= - of the sink. In 5 min the faucet completes 2 of the task. 


=» A painter can paint a wall in 20 min. The painter’s apprentice can paint the 
same wall in 30 min. How long will it take them to paint the wall when they 
work together? 


° Strategy for Solving a Work Problem 
- 1. For each person or machine, write a numerical or variable expression for the 
rate of work, the time worked, and the part of the task completed. The results e 


can be recorded in a table. 


& 6?2es6 2 eeseseeoeeoeeeseeeados @eeeesaeeseeaeeeSseeeeee oaeeesnsnen & 


Unknown time to paint the wall working together: t 


Rate of Work + ‘Time Worked — = Part of Task Completed 
Apprentice een 30 ae fe - = 
ge SPOSSSPSSRSEHSSSHOSHOKSSHSSCSSEOSSSSEHSOSESSSEOSBSERSSHORFHERSEORS » o.a'ele.6 6 % 


2. Determine how the parts of the task completed are related. Use the fact that 
the sum of the parts of the task completed must equal 1; the complete task. 


tp 


as af es | e The sum of the part of the task completed 
20 30 by the painter and the part of the task 
completed by the apprentice is 1. 
pe = 60 © Multiply by the LCM of 20 and 30. 
00 5 + 35] 60-1 ply by 
3t + 2t = 60 
5t = 60 
t= 12 


Working together, they will paint the wall in 12 min. 
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Example 1 

A small water pipe takes three times longer to 
fill a tank than does a large water pipe. With 
both pipes open, it takes 4 h to fill the tank. 
Find the time it would take the small pipe, 
working alone, to fill the tank. 


Strategy 
e Time for large pipe to fill the tank: t 
Time for small pipe to fill the tank: 3¢ 


Fills tank 
in 3t hours 


Fills tank 
in t hours 





Fills 2 of the 


Fills + of the 
tank in 4 hours tank in 4 hours 


Rate dime Pant 
1 : 4 
Small pipe = 4 eo 
Large pipe : 4 : 


e The sum of the parts of the task 
completed by each pipe must equal 1. 


Solution 
Sian 
($44) =s0-1 
3t t 
Aya Ie = Bye 

16 = 3t 
ie 
os 
16 

3t = 3|—| = 
ie e 


The small pipe working alone takes 16 h to fill 
the tank. 


You Try It 1 

Two computer printers that work at the 
same rate are working together to print the 
payroll checks for a large corporation. After 
they work together for 2 h, one of the 
printers quits. The second requires 3 h more 
to complete the payroll checks. Find the 
time it would take one printer, working 
alone, to print the payroll. 


\ 


Your strategy 


Your solution 


Solution on p. S26 
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Objective B 


TAKE NOTE 


Use the information 
given in the problem to 
fill in the “Distance” and 
| “Rate” columns of the 


table. Fill in the “Time” 
column by dividing the 
two expressions you 
wrote in each row. 
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Why 


TUTOR WEB SSM 





To solve uniform motion problems 


A car that travels constantly in a straight line at 30 mph is in uniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


The basic equation used to solve uniform motion problems is 
Distance = rate X time 


An alternative form of this equation can be written by solving the equation for 
time. 


Distance 
——_ = time 
Rate 


This form of the equation is useful when the total time of travel for two objects 
or the time of travel between two points is known. 


The speed of a boat in still water is 20 mph. The boat traveled 75 mi down 
a river in the same amount of time it took to travel 45 mi up the river. Find 
the rate of the river's current. 


PSSST SHSSSHSHSSHHSHHHSHSHOHSSSHSHSHHSHHOSSHHEHREHTHHHTOSCOHHHOHOHEHHSOHOCOO 


» Strategy for Solving a Uniform Motion Problem 


escessd 


_ 1. For each object, write.a numerical or variable expression for the distance, rate, 
~ and time. The results can be recorded in a table. 


P 
WSSSSESSSESHSSTEHOSGSESHOTHSOKROSHOHSHORSOLSEOSESEHESCHOEHOEOESEOCSEOESBEH 


The unknown rate of the river’s current: r 








Distance + Rate = Time 

Doan 75 oo, 8 ee 
own river : fi ops 

. : i he 45 
Up river 45 eo 20a a DOL 


FEL S222 9, 2. & &MSDS 2 0.0. 8 0.2.9.0 2.9.0, 9.2 9.2 2,8.8,9,0,0:9 25,9. 2,2 2.2.0. 0,0.0,5.% 20.9 .0.32 2.02. 


# 


* 2. Determine how the times traveled by each object are related. For example, it ° 
* may be known that the times are equal, or the total time may be known. ; 
J 


GD cece ee POSES HREHHHSHSEHEHSESHESSHHEHHOSESOHHHSBHOHEOHSHCOHOEHEHAOHAOHOBEE 














Tom We gas ¢ The time down the river is 
Dior) ohmeny equal to the time up the 
river. 
f=) 45 ¢ Multiply by the LCM of 
eC 20 oy. SC are ZOOL the denominators. 
(20 — r)75 = (20 + 1)45 
1500 — 75r = 900 + 45r 
—120r = —600 
r=5 


The rate of the river's current is 5 mph. 
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eeeeccecceves 
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> You Try It 2 


Example 2 

A cyclist rode the first 20 mi of a trip at a 
constant rate. For the next 16 mi, the cyclist 
reduced the speed by 2 mph. The total time for 
the 36 mi was 4 h. Find the rate of the cyclist 
for each leg of the trip. 


Strategy 
e Rate for the first 20 mi: r 
Rate for the next 16 mi: r — 2 


fi 2 
— 





: a 
20 mi 16 mi 
Distance Rate Time 
ie 20 
First 20 mi 20 r Be 
: : 16 
Next 16 mi 16 r=—2 eT 


e The total time for the trip was 4 h. 








Solution 
20 16 
=—— + = 
r T—2 : 
20 16 
ke ———s + = ake . 
r(r 2| cee | rir —2)-4 


(r = 2)20 + 16r = (7? — 27): 4 
20r — 40 + 16r = 4r? — 8r 
36r — 40 = 4r* — 8r 
Solve the quadratic equation by factoring. 


0 = 4r? — 44r + 40 

0 = 4(r — 1ir + 10) 

0 = 4(r — 10)(r — 1) 
ra l= 0 

r=1 


r-~10=0 
r=10 
The solution r = 1 mph is not possible, 


because the rate on the last 16 mi would then 
be —1 mph. 


10 mph was the rate for the first 20 mi. 
8 mph was the rate for the next 16 mi. 


The total time it took for a sailboat to sail 
back and forth across a lake 6 km wide was 
2 h. The rate sailing back was three times 
the rate sailing across. Find the rate sailing 
out across the lake. 


Your strategy 


Your solution 


Solution on p. S26 
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8.6 Exercises 


Application Problems 


A park has two sprinklers that are used to fill a fountain. 
One sprinkler can fill the fountain in 3 h, whereas the sec- 
ond sprinkler can fill the fountain in 6 h. How long will it 
take to fill the fountain with both sprinklers operating? 


One grocery clerk can stock a shelf in 20 min, whereas a sec- 
ond clerk requires 30 min to stock the same shelf. How long 
would it take to stock the shelf if the two clerks worked 
together? 


One person with a skiploader requires 12 h to remove a large quantity 
of earth. A second, larger skiploader can remove the same amount of 
earth in 4 h. How long would it take to remove the earth with both 
skiploaders working together? 


An experienced painter can paint a fence twice as fast as an inexperienced 
painter. Working together, the painters require 4 h to paint the fence. How 
long would it take the experienced painter working alone to paint the 
fence? 


One computer can solve a complex prime factorization problem in 75 h. 
A second computer can solve the same problem in 50 h. How long would 
it take both computers, working together, to solve the problem? 


A new machine can make 10,000 aluminum cans three times as fast as an 
older machine. With both machines working, 10,000 cans can be made in 
9 h. How long would it take the new machine, working alone, to make the 
10,000 cans? 


A small air conditioner can cool a room 5° in 75 min. A larger air con- 
ditioner can cool the room 5° in 50 min. How long would it take to cool 
the room 5° with both air conditioners working? 


One printing press can print the first edition of a book in 55 min, whereas 
a second printing press requires 66 min to print the same number of 
copies. How long would it take to print the first edition with both presses 


operating? 


Two oil pipelines can fill a small tank in 30 min. Using one of the pipelines 
would require 45 min to fill the tank. How long would it take the second 
pipeline alone to fill the tank? 
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Working together, two dock workers can load a crate in 6 min. One dock 
worker, working alone, can load the crate in 15 min. How long would it 
take the second dock worker, working alone, to load the crate? 


A mason can construct a retaining wall in 10 h. With the mason’s 
apprentice assisting, the task would take 6 h. How long would it take the 
apprentice working alone to construct the wall? 


A mechanic requires 2 h to repair a transmission, whereas an apprentice, | 
requires 6 h to make the same repairs. The mechanic worked alone for 
1 h and then stopped. How long will it take the apprentice, working alone, 
to complete the repairs? 


One computer technician can wire a modem in 4 h, whereas it takes 
6 h for a second technician to do the same job. After working alone for 
2 h, the first technician quit. How long will: it take the second tech- 
nician to complete the wiring? 


A wallpaper hanger requires 2 h to hang the wallpaper on one wall of 
a room. A second wallpaper hanger requires 4 h to hang the same 
amount of paper. The first wallpaper hanger worked alone for 1 h and 
then quit. How long will it take the second wallpaper hanger, working 
alone, to complete the wall? 


Two welders who work at the same rate are welding the girders of a 
building. After they work together for 10 h, one of the welders quits. 
The second welder requires 20 more hours to complete the welds. 
Find the time it would have taken one of the welders, working alone, 
to complete the welds. 


A large and a small heating unit are being used to heat the water of a pool. 
The larger unit, working alone, requires 8 h to heat the pool. After both 
units have been operating for 2 h, the larger unit is turned off. The small - 
unit requires 9 h more to heat the pool. How long would it take the small 
unit, working alone, to heat the pool? 


Two machines that fill cereal boxes work at the same rate. After they work 
together for 7 h, one machine breaks down. The second machine requires 
14 h more to finish filling the boxes. How long would it have taken one of 
the machines, working alone, to fill the boxes? 


A large and a small drain are opened to drain a pool. The large drain can 
empty the pool in 6 h. After both drains have been open for 1 h, the large 
drain becomes clogged and is closed. The smaller drain remains open and 
requires 9 h more to empty the pool. How long would it have taken the 
small drain, working alone, to empty the pool? 





Copyright © Houghton Mifflin Company. All rights reserved. 





ee 


Copyright © Houghton Mifflin Company. All rights reserved. 





Objective B 


19. 


20. 


21. 


Ze: 


Zs 


24. 


Pasy- 


26. 
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Application Problems 


Commuting from work to home, a lab technician traveled 10 miata = jg mi 20 mi 
constant rate through congested traffic. On reaching the expressway, 7,07" 409 
the technician increased the speed by 20 mph. An additional 20 mi 

was traveled at the increased speed. The total time for the trip was | h. 

Find the rate of travel through the congested traffic. 








The president of a company traveled 1800 mi by jet and 300 mi on a prop 
plane. The rate of the jet was four times the rate of the prop plane. The 
entire trip took a total of 5 h. Find the rate of the jet plane. 


As part of a conditioning program, a jogger ran 8 mi in the same time 8 mi | Ai 

a cyclist rode 20 mi. The rate of the cyclist was 12 mph faster than the r 

rate of the jogger. Find the rate of the jogger and that of the cyclist. 20heni & 
C® 


r+12 = 


An express train travels 600 mi in the same amount of time it takes a 
freight train to travel 360 mi. The rate of the express train is 20 mph faster 
than that of the freight train. Find the rate of each train. 


To assess the damage done by a fire, a forest ranger traveled 1080 mi by 
jet and then an additional 180 mi by helicopter. The rate of the jet was 
4 times the rate of the helicopter. The entire trip took a total of 5 h. Find 
the rate of the jet. 


A twin-engine plane can fly 800 mi in the same time that it takes a 
single-engine plane to fly 600 mi. The rate of the twin-engine plane is 
50 mph faster than that of the single-engine plane. Find the rate of the 
twin-engine plane. 


The rate of a bicyclist is 7 mph greater than the rate of a long-distance 
runner. The bicyclist travels 30 mi in the same amount of time as it takes 
the runner to travel 16 mi. Find the rate of the runner. 


A car and a bus leave a town at 1 P.M. and head for a town 300 mi away. 
The rate of the car is twice the rate of the bus. The car arrives 5 h ahead 
of the bus. Find the rate of the car. 


A car is traveling at a rate that is 36 mph greater than the rate ofa 384 mi CID 
cyclist. The car travels 384 mi in the same time it takes the cyclist to r+ 36 
travel 96 mi. Find the rate of the car. 96 mi 

pom 8b 


r 
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29. 


30. 


31. 


2. 


33. 
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A backpacker hiking into a wilderness area walked 9 mi at a constant rate 
and then reduced this rate by 1 mph. Another 4 mi was hiked at this 
reduced rate. The time required to hike the 4 mi was 1 h less than the time 
required to walk the 9 mi. Find the rate at which the hiker walked the first 
9 mi. 


A plane can fly 180 mph in calm air. Flying with the wind, the plane can 
fly 600 mi in the same amount of time it takes to fly 480 mi against the 
wind. Find the rate of the wind. 


A commercial jet can fly 550 mph in calm air. Traveling with the jet 


stream, the plane flew 2400 mi in the same amount of time it takes to fly 
2000 mi against the jet stream. Find the rate of the jet stream. 


A cruise ship can sail at 28 mph in calm water. Sailing with the gulf 
current, the ship can sail 170 mi in the same amount of time that it can 
sail 110 mi against the gulf current. Find the rate of the gulf current. 


Rowing with the current of a river, a rowing team can row 25 mi in 
the same amount of time it takes to row 15 mi against the current. The 
rate of the rowing team in calm water is 20 mph. Find the rate of the 
current. 


On a recent trip, a trucker traveled 330 mi at a constant rate. Because of 
road construction, the trucker then had to reduce the speed by 25 mph. 
An additional 30 mi was traveled at the reduced rate. The total time for 
the entire trip was 7 h. Find the rate of the trucker for the first 330 mi. 


APPLYING THE CONCEPTS 


34. 


35. 


36. 


SWE 


One pipe can fill a tank in 2 h, a second pipe can fill the tank in 4 h, and 
a third pipe can fill the tank in 5 h. How long will it take to fill the tank 
with all three pipes working? 


A mason can construct a retaining wall in 10 h. The mason’s more- 
experienced apprentice can do the same job in 15 h. How long would it 
take the mason’s less-experienced apprentice to do the job if, working 
together, all three can complete the job in 5 h? 


A surveyor traveled 32 mi by canoe and then hiked 4 mi. The rate by boat 
was four times the rate on foot. If the time spent walking was 1 h less than 


the time spent canoeing, find the amount of time spent traveling by canoe. *> 


Because of bad weather, a bus driver reduced the usual speed along a 150- 
mile bus route by 10 mph. The bus arrived only 30 min later than its usual 
arrival time. How fast does the bus usually travel? 


. 


2400 mi 
550 +r 


——— 


2000 mi 


a, <4 


550-r 
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Variation 


es) NtWhy 

To solve variation problems “a Wy 

TUTOR WEB LY SSM 

Direct variation is a special function that can be expressed as the equation 
y = kx, where k is a constant. The equation y = kx is read “y varies directly as 


x” or “y is directly proportional to x.” The constant k is called the constant of 
variation or the constant of proportionality. 





The circumference (C) of a circle varies directly as the diameter (d). The direct 
variation equation is written C = wd. The constant of variation is 7. 


A nurse makes $25 per hour. The total wage (w) of the nurse is directly pro- 
portional to the number of hours (h) worked. The equation of variation is 
w = 25h, The constant of proportionality is 25. 


A direct variation equation can be written in the form y = kx", where n is a 
positive number. For example, the equation y = kx is read “y varies directly 
as the square of x.” 


The area (A) of a circle varies directly as the square of the radius (r) of the circle. 
The direct variation equation is A = wr’. The constant of variation is 7. 


=» Given that V varies directly as r and that V = 20 when r = 4, find the constant 
of variation and the equation of variation. 


V=kr e Write the basic direct variation equation. 

20=k-4 e Replace Vand r by the given values. Then solve for k. 
Bk ¢ This is the constant of variation. 
V=5r e Write the direct variation equation by substituting the value 


of k into the basic direct variation equation. 





The Graph of V= 5r ; : ; 3 : Lae 
oe => The tension (7) in a spring varies directly as the distance (x) it is stretched. 


If T = 8 lb when x = 2 in., find T when x = 4 in. 


T =kx © Write the basic direct variation equation. 
Sak 2 ¢ Replace T and x by the given values. 
4=k ¢ Solve for the constant of variation. 

T = 4x © Write the direct variation equation. 
T=4x =4:4= 16 © To find 7 when x = 4, substitute 





4 for x in the equation and solve for T. 
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The Graph of T = 4x The tension is 16 lb. 
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, 


a il> 


Inverse variation is a function that can be expressed as the equation y = 


k . F . ” “ 
where k is a constant. The equation y = — is read “y varies inversely as x” or “y 
_ 


is inversely proportional to x.” 


k : 
In general, an inverse variation equation can be written y = — where n is a 


k 2 ee 

positive number. For example, the equation y = —, is read “y varies inversely as 
x 

ree ee 


the square of x.” 


= Given that P varies inversely as the square of x and that P = 5 when x = 2, 
find the constant of variation and the equation of variation. 








k 

th ee e Write the basic inverse variation equation. 

— k - 

3 52 ¢ Replace.P and x by the given values. Then solve for k. 
k 

5=— 
4 

20 20=k ¢ This is the constant of variation. 
The Graph of P= oa 20 
Dies ¢ Write the inverse variation equation by substituting the 


eS 


value of k into the basic inverse variation equation. 


™ The length (LZ) of a rectangle with fixed area is inversely proportional to the 
width (W). If L = 6 ft when W = 2 ft, find L when W = 3 ft. 





k 
L= WwW © Write the basic inverse variation equation. 
k 
6 = 5 ¢ Replace L and W by the given values. 
12=k * Solve for the constant of variation. 
i 
L= WwW ¢ Write the inverse variation equation. 
The Graph of L = an 
W 
L212 
L= Wee sole 4 ° To find L when W = 3 ft, substitute 3 


for Win the equation and solve for L. 


The length is 4 ft. 


Joint variation is a variation in which a variable varies directly as the prod- 
uct of two or more other variables. A joint variation can be expressed as the 
equation z = kxy, where k is a constant. The equation z = kxy is read “z varies 
jointly as x and y.” 


The area (A) of a triangle varies jointly as the base (b)' and the height (i). The 


joint variation equation is written A = 5h. The constant of variation is ie 

A combined variation is a variation in which two or more types of variation 
occur at the same time. For example, in physics, the volume (V) of a gas varies 
directly as the temperature (7) and inversely as the pressure (P). This combined 


Re ; he he 
variation 1s written V = —., 
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"» A ball is being twirled on the end of a string. The tension (T) in the string is 
directly proportional to the square of the speed (v) of the ball and inversely 
proportional to the length (r) of the string. The tension is 96 lb when the 
length of the string is 0.5 ft and the speed is 4 ft/s. Find the tension when 
the length of the string is 1 ft and the speed is 5 ft/s. 











kv? 
T= DE * Write the basic combined variation equation. 
k- 4 
96 = 05 * Replace 7, v, and rby the given values. 
k- 16 
Ons 
96 =k- 32 * Solve for the constant of variation. 
3=k 
37 : 
= : * Write the combined variation equation. 
» . m2 
ee oe re © Tofind Twhen r= 1 ft and v= Sit/s, 
ii 1 substitute 1 for rand 5 for v and solve for T. 


bald lhl dd el ld hl OOOO OOOO OOOO SOR CO OOO OOIOOOOOOOOOOUOOOOOIOIIOOIOOIOOICOOCICONOOIOOOOCTEOOOOOOIAOOIICMATMrCMCrTrrrirts 


Example 1 


The amount (A) of medication prescribed 
for a person is directly related to the 


E You Try It 1 
The distance (s) a body falls from rest 
varies directly as the square of the time (f) 


person's weight (W). For a 50-kilogram person, of the fall. An object falls 64 ft in 2 s. How 
2 ml of medication are prescribed. How many far will it fall in 5 s? 

milliliters of medication are required for a 

person who weighs 75 kg? 


Strategy 


Your strategy 


To find the required amount of medication: 


e Write the basic direct variation 
equation, replace the variables by the 
given values, and solve for k. 

e Write the direct variation equation, 
replacing k by its value. Substitute 75 
for W and solve for A. 


Solution 
Ae kw 
2=k...50 
1 

pees, 

2S 

1 
= —— WV 
- DS 


Your solution 


The required amount of medication is 


3 ml. 


Solution on pp. S26—S27 
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Example 2 >You Try It 2 
A company that produces personal computers The resistance (R) to the flow of electric 
has determined that the number of computers current in a wire of fixed length is inversely 
it can sell (s) is inversely proportional to the proportional to the square of the diameter (d) 
price (P) of the computer. Two thousand of a wire. If a wire of diameter 0.01 cm has a 
computers can be sold when the price is $2500. resistance of 0.5 ohm, what is the resistance in 
How many computers can be sold when the a wire that is 0.02 cm in diameter? 


price of a computer is $2000? 


Strategy Your strategy 
To find the number of computers: 


e Write the basic inverse variation equation, 
replace the variables by the given values, and 
solve for k. 

e Write the inverse variation equation, 
replacing k by its value. Substitute 2000 for P 
and solve for s. ; 


: k ; 
Solution S= ? Your solution 
k 
2000 = 3500 
5,000,000 =k 
ie 5,000,000 = 5,000,000 — 9509 


P MRD OOG 


At $2000 each, 2500 computers can be sold. 


Example 3 “You Try It 3 
The pressure (P) of a gas varies directly as the The strength (s) of a rectangular beam varies 
temperature (7) and inversely as the volume jointly as its width (w) and the square of its 
(VJeWhen 7 -="50° and V = 275 in?, P= 20 depth (d) and inversely as its length (L). If the 
Ib/in?. Find the pressure of a gas when T = 60° strength of a beam 2 in. wide, 12 in. deep, and 
and V = 250 in’. 12 ft long is 1200 lb, find the strength of a 
beam that is 4 in. wide, 8 in. deep, and 
16 ft long. 
Strategy Your strategy 


To find the pressure: 


e Write the basic combined variation equation, 
replace the variables by the given values, and 
solve for k. 

e Write the combined variation equation, 
replacing k by its value. Substitute 60 for T 
and 250 for V, and solve for P 


ih 
Solution (2 Vv Your solution 
LesO ib 
LD) = 
p EHS) 
110=%k 

1107 110-60 

Pp = — = —_ = 

V 750 26.4 


The pressure is 26.4 lb/in2. SolOne Oe eea 
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Objective A 
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8.7 Exercises 





Which of the following represent(s) direct variation? Why? 
k 


2 


a. y=kx Daeg eoy=k+x d. y= 


S 


Which of the following equations represent(s) “d varies directly as t”? 
Explain your answer. 


aed. =A00t bd == Cd = Jet d. d=t-—50 


The profit (P) realized by a company varies directly as the number of prod- 
ucts it sells (s). If a company makes a profit of $4000 on the sale of 250 
products, what is the profit when the company sells 5000 products? 


The income (J) of a computer analyst varies directly as the number of 
hours (2) worked. If the analyst earns $672 for working 8 h, how much 
will the analyst earn by working 36 h? 


The pressure (p) on a diver in the water varies directly as the depth (d). 
If the pressure is 4.5 lb/in? when the depth is 10 ft, what is the pressure 
when the depth is 15 ft? 


The distance (d) a spring will stretch varies directly as the force (f) 
applied to the spring. If a force of 6 lb is required to stretch a spring 
3 in., what force is required to stretch the spring 4 in.? 





The distance (d) an object will fall is directly proportional to the square of 
the time (f) of the fall. If an object falls 144 ft in 3 s, how far will the object 
fall in 10 s? 


The period (p) of a pendulum, or the time it takes the pendulum to 
make one complete swing, varies directly as the square root of the 
length (L) of the pendulum. If the period of a pendulum is 1.5 s when 
the length is 2 ft, find the period when the length is 5 ft. Round to the near- 


est hundredth. 


The distance (s) a ball will roll down an inclined plane is directly pro- 
portional to the square of the time (¢). If the ball rolls 6 ft in 1 s, how 


far will it roll in 3 s? 
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10. 


11. 


12: 


13. 


14. 


15. 
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The stopping distance (s) of a car varies directly as the square of its speed 
(v). If a car traveling 30 mph requires 63 ft to stop, find the stopping dis- 
tance for a car traveling 55 mph. 


The time (f) for a car to travel between two cities is inversely proportional 
to the rate (r) of travel. If it takes 5 h to travel between the cities at a rate 
of 55 mph, find the time to travel between the two cities at a rate of 
65 mph. Round to the nearest tenth. 


The speed (v) of a gear varies inversely as the number of teeth (7). Ifa gear 


that has 45 teeth makes 24 revolutions per minute, how many revo- 
lutions per minute will a gear that has 36 teeth make? 


The pressure (p) of a liquid varies directly as the product of the depth (d) 
and the density (D) of the liquid. If the pressure is 150 lb/in? when the 
depth is 100 in. and the density is 1.2, find the pressure when the density 
remains the same and the depth is 75 in. 


The current (J) in a wire varies directly as the voltage (V) and inversely as 
the resistance (R). If the current is 10 amps when the voltage is 
110 volts and the resistance is 11 ohms, find the current when the voltage 
is 180 volts and the resistance is 24 ohms. 


The repulsive force (f) between the north poles of two magnets is 
inversely proportional to the square of the distance (d) between them. If 
the repulsive force is 20 lb when the distance is 4 in., find the repulsive 
force when the distance is 2 in. 


APPLYING THE CONCEPTS 


16. 


17. 


; nee ; k : 
In the inverse variation equation y = what is the effect on x if y 
doubles? 


In the direct variation equation y = kx, what is the effect on y when x 


doubles? 


Complete using the word directly or inversely. 


18. 


19: 
20. 


21. 


If a varies directly as b and inversely as c, then c varies as 
b and AsO. 
If a varies as b andc, then abc is constant. 


u's 


If the length of a rectangle is held constant, the area of the rectangle varies 
as the width. 


If the area of a rectangle is held constant, the length of the rectangle varies 
as the width. 
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€ Focus on Problem Solving 


of Mathematicians” 
torians. He applied 


his genius to many areas of 


mathematic 


s and science. A 


unit of magnetism, the gauss, 


is named in 


his honor. Some 


electronic equipment (the 
television, for instance) 
contains a degausser that 


controls ma 


Cf 


points, 2 regions 


points, 8 regions 
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gnetic fields. 


<p 


3 points, 4 regions 


CO 


5 points, ? regions 


Polya’s four recommended problem-solving steps are stated below. 
1. Understand the problem. 2. Devise a plan. 
3. Carry out the plan. 4. Review your solution. 


One of the several ways of devising a plan is first to try to find a pattern. Karl 
Friedrich Gauss supposedly used this method to solve a problem that was given 
to his math class when he was in elementary school. As the story goes, his 
teacher wanted to grade some papers while the class worked on a math problem. 
The problem given to the class was to find the sum 


12+ 34.44---+ 100 


Gauss quickly solved the problem by seeing a pattern. Here is what he saw. 














101 Note that 
oe 1 + 100 = 101 
= 2299 =HG4 
| peal z 3 +98 = 101 
1+2+3+4+---+97+98+99+ 100 4+ 97 = 101 


Gauss noted that there were 50 sums of 101. Therefore, the sum of the first 100 
natural numbers is 


Leet | Oo a 7 oe 98 oe 99 100 = 50101) ="5050 
Try to solve the following problems by finding a pattern. 


1. Find the sum 2 +4+6+---+ 96+ 98 + 100. 
2. Find the sum 1+3+5+---+97+99+ 101. 


3. Find another method of finding the sum 1 + 3 +5 +---+97+ 99 + 101 
given in the previous exercise. 

aevindihe som ie 

N22 es 34 49 - 50 
: 1 1 1 1 2 I 1 1 3 

ey ee ea Fair pik aes A 

5. The following problem shows that checking a few cases does not always 
result in a conjecture that is true for all cases. Select any two points on a cir- 
cle and draw a chord, the line connecting the points (see the drawing in the 
left margin). The chord divides the circle into 2 regions. Now select 3 differ- 
ent points and draw chords connecting each of the three points with every 
other point. The chords divide the circle into 4 regions. Now select 4 points 
and connect each of the points with every other point. Make a conjecture 
about the relationship between the number of regions and the number of 
points on the circle. Does your conjecture work for 5 points? 6 points? 

6. A polygonal number is a number that can be represented by arranging that 
number of dots in rows to form a geometric figure such as a triangle, square, 
pentagon, or hexagon. For instance, the first four triangular numbers, 3, 6, 
10, and 15, are given (and shown) below. What are the next two triangular 
numbers? 





@ 
@ ee 
e 6 ® eee 
6 e@ @e0 @ees 
e@ @e¢é €$e¢66 @®eeee 
3} 6 10 15 
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Gs Projects and Group Activities 


Continued Fractions 


The following complex fraction is called a continued fraction. 


1 





Leer 
f+ 


+ 
, 1 


ce 0 





1: 


The dots indicate that the pattern continues to repeat forever. 


A convergent of a continued fraction is an approximation of the repeated pat- 
tern. For instance, 


eae. Ue ORL GAOUR 1 


co=1+ c,=1+ 





1 +——__ 1+ 





1+1 Ln 1 
Port 





1. Calculate c, for the continued fraction above. 


This particular continued fraction is related to the golden rectangle, which has 
been used in architectural designs as diverse as the Parthenon in Athens, built 
around 440 B.c., and the United Nations building. A golden rectangle is one 
for which 


length xs length + width 
width length 





An example of a golden rectangle is shown at 
the right. 


Here is another continued fraction that was discovered by Leonhard Euler 
(1707-1793). Calculating the convergents of this continued fraction yields 
approximations that are closer and closer to 7. 














) 
T= 3+ ‘S 
6+ sz 
at ag 8 =A 
os. 
12 
2. Calculate c, = 3 + 32 
6+ 
52 
6+ 
72 
6+ 32 
+ ——___ 
6+ 11? 
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Graphing Rational 
Functions 


bes 








a 


The domain is 
{x|x # -1,x # 4}. 





The domain is 
{x|x © real numbers}. 


Graphing Variation 
Equations 
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The domain of a function is the set of the first coordinates of all the ordered 
pairs of the function. When a function is given by an equation, the domain of the 
function is all real numbers for which the function evaluates to a real number. 
For rational functions, we must exclude from the domain all those values of the 
variable for which the denominator of the rational function is zero. The graph- 
ing calculator is a useful tool to show the graphs of functions with excluded val- 
ues in the domain of the function. 


The graph of the function f(x) = eS is shown at the left. Note that the 
graph never intersects the lines x = — 1 and x = 4 (shown as dashed lines). These 
are the two values excluded from the domain of f. The graph of the function f gets 
closer to the dashed line x = 4 as x gets closer to 4. The graph of the function f 
also gets closer to x = —1 as x gets closer to —1. The lines that are “approached” 
by the function are called asymptotes. 


: SUS aye 
The graph of the function f(x) = oe is shown at the left. The domain must 
a 


exclude values of x for which x? + 1 = 0. It is not possible that x2 + 1 = 0, 
because x? = 0, and a positive number added to a number equal to or greater 
than zero cannot equal zero. Therefore, there are no real numbers that must be 
excluded from the domain of f. 


Use a graphing calculator to find the domain of the rational function. 














5x eee eri ee! 
TG) oes ZA) Gree SQ) = eee 
3 — 4x x+3 x? +1 
— " = 6 ; = 
af ee) e7+4x-5 BH) x? +2 a(x) & 


= 
e 


Graph y = kx when k = 2. 
What kind of function does the graph represent? 


1 
2. Graph y = kx whenk = Be 


What kind of function does the graph represent? 


3. Graph y =“ whenk 1 vale es) 


Is this the graph of a function? 
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Chapter Summary 


Key Words A rational expression is a fraction in which the numerator and denominator are 
polynomials. A rational expression is in simplest form when the numerator and 
denominator have no common factors. [p. 431 | 


The least common multiple (LCM) of two or more polynomials is the simplest 
polynomial that contains the factors of each polynomial. [p. 439] 


The reciprocal of a rational expression is the rational expression with the numer- 
ator and denominator interchanged. |p. 434] 


A complex fraction is a fraction whose numerator or denominator contains one 
or more fractions. [p. 451] 


A ratio is the quotient of two quantities that have the same unit. |p. 457] 

A rate is the quotient of two quantities that have different units. [p. 457] 

A proportion is an equation that states the equality of two ratios or rates. |p. 457] 
A literal equation is an equation that contains more than one variable. [p. 467] 
Direct variation is a special function that can be expressed as the equation 
y = kx, where k is a constant called the constant of variation or the constant of 


proportionality. |p. 479] 


Inverse variation is a function that can be expressed as the equation y =* 
where k is a constant. [p. 480] 


Joint variation is a variation in which a variable varies directly as the product of 
two or more variables. A joint variation can be expressed as the equation z = kxy, 
where k is a constant. [p. 480] 


Combined variation is a variation in which two or more types of variation occur 
at the same time. [p. 480] 











Essential Rules — To Multiply Fractions [p. 432] ee 
Dede bd 
To Divide Fractions [p. 434] eA eo g eke 
Dd bie ve 
To Add Fractions [p. 441] ae Ca 
c c 
: Gab fa —b 
To Subtract Fractions [p. 441] ——-= 
c é 
Equation for Work Problems [p. 471] Rate of x lime _ part of task 


work “worked completed 


Uniform Motion Equation [p. 473] Distance = rate X time 





SO COHEHSEOSHOESSOHESEHEHEEE OSHS ESOEES OE EOHOESO HOSES HELO SEOOHEEOOHSEOOEHHSESOOOESSTESESSEESSEESHHSESSEOSCHHOSOOOOSESEHOSOHSOHETOCOOSS LE SOOEESEOESEETODELESEDODCOCCS 
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11. 


13. 


15. 


ee Chapter Review 


29 ih 32,4 
Divide: a Ae 
Zon wry Sy y* 








Simplify: 





O — 23y + 12y? _ 


Tae el 4y* — 13y + 10 
Divide: Bests So 


18y2 + 3y — 10 





Solve T = 2(ab + bc + ca) for a. 


orc: 





: 100m 
Solve i = 


20x? — 45x af 40x? — 90x? 


DN ee Aycan ON aR 


10. 


12; 


14. 


16. 
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Xie a eee 
+ 
Pee 20x 








Add: 


x* +x — 30 


Save STE Ropes: 





pos. 
mare 


Solve: 20 = 
xe =e D 


ae sia 
1547. 16a-b 








Multiply: 


Write each fraction in terms of the LCM of 
the denominators. 

x 4x? 
12x? + 16x — 3’ 6x? + 7x —3 

















Se eG KG 
Solve: 5 5 2 7 
Sol ee ki 3) 
ix 1onaunae Th aiigaeg 
2y 3 
* 
fds nn ome 
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iy: 


19. 


21. 


23. 


253 


26. 


27. 


28. 


29. 


30. 
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5x + 3 3x + 4 
2x7 + 5x —-3 2x7+5x-3 





Subtract: 18. Find the LCM of 10x? — 11x + 3 and 


PX Ue AWS see 


24x2 -—94e +15 24x°+ 7-5 




















Solve 4x + 9y = 18 for y. 20. Multiply: (9g) DAOp |S ee 
20 V7% R=1  3e.=2-2502c21 Saha 
= ~ ; : + + ———__— 
a oss oe ai MD) ee a 
8 BES! 
Solve: pensar ere 24. Solve: ee Oe 
Triangles ABC and DEF are similar. Find E 
the perimeter of triangle ABC. B 
10 in. ;. sin 9 in. 
é iets 12am: e 


One hose can fill a pool in 15 h. The second hose can fill the pool in 10 h. 
How long would it take to fill the pool using both hoses? 


A car travels 315 mi in the same amount of time that a bus travels 245 mi. 
The rate of the car is 10 mph greater than that of the bus. Find the rate of 
the car. 


The rate of a jet is 400 mph in calm air. Traveling with the wind, the jet can 
fly 2100 mi in the same amount of time it takes to fly 1900 mi against the 
wind. Find the rate of the wind. 


A pitcher's earned run average (ERA) is the average number of runs allowed 


in 9 innings of pitching. If a pitcher allows 15 runs in 100 innings, find the 
pitcher’s ERA. a 


The current (/) in an electric circuit varies inversely as the resistance (R). If 
the current in the circuit is 4 amps when the resistance is 50 ohms, find the 
current in the circuit when the resistance is 100 ohms. 
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os 


e Chapter Test 











16x°y 
Simplify: 
mplity 24x7y4 
x°y* x*—x-2 
Multiply: : . 
ee ee AeA xey* 
x7 + 3x4+2 x7 —-x—6 
Divide: : 
eae x2 F 2x — 15 


Write each fraction in terms of the LCM of 
the denominators. 
3 x 


x? —2x’ x? -4 





Sub ne 2 
Se act | 
1 i 
i ae 
Simplify: 7B 
Doce a a Aapeerd 
eee 
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2. Simplify: ss 

4. Multiply: . - z ; ; ATS 

6. Find the LCM of 6x > 3 and’2x2 +x = 1. 
8. Subtract: oat Ge = SG) 


in Dye SS 
x+3 x?+x-6 





10. Subtract: 


6 
12. Solve:——-—2=1 
x 
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== 5 
= ae 2 14. Solve: 3_ 


13. Solve: —| Sey ma ETC 


x 


15. Triangles ABC and DEF are similar. Find the 16. Solved =s + rt fort. 
area of triangle DEF. 


E 
B 
5m < 
Aa iggan aS D F 


17. An interior designer uses 2 rolls of wallpaper for every 45 ft? of wall 
space in an office. At this rate, how many rolls of wallpaper are needed 
for an office that has 315 ft? of wall space? 


18. One landscaper can till the soil for a lawn in 30 min, whereas it takes a 
second landscaper 15 min to do the same job. How long would it take to 
till the soil for the lawn with both landscapers working together? 


19. A cyclist travels 20 mi in the same amount of time as it takes a hiker to 
walk 6 mi. The rate of the cyclist is 7 mph faster than the rate of the hiker. 
Find the rate of the cyclist. 


20. The electrical resistance (r) of a cable varies directly as its length (J) and 


inversely as the square of its diameter (d). If a cable 16,000 ft long and 
ales : : A - 
; in. in diameter has a resistance of 3.2 ohms, what is the resistance of a 


cable that is 8000 ft long and ; in. in diameter? 
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11. 


13. 


15. 


17. 


ee Cumulative Review 





Bees 2 1 

Simplify: |=] + |= —-—=]+=— 2 
rior (5) «(0-3) +3 
Simplify: —2x — (—3y) + 7x — 5y 4. 
2 

Solve: 4 — 3% = Z 6. 

“ 2 
Find 165% of 60. 8. 
Find the volume of the rectangular solid 10. 
shown in the figure. 

4 ft 
10 ft 
5 ft 

; eels: 

Given P(x) = Pen (= 2), 12: 
ees 

Evaluate the determinant: 14. 

G7 

Qe 

mee Cao)” ve 
Simplify: (4a)! 
Multiply: (2a? — 3a + 1)(—2a?) 18. 


Cumulative Review 493 


Evaluate —a? + (a — b)? when a = —2 and 
p= 3: 


Simplify: 2[3x — 7@ = 3) — 8] 


Solves.3 [xi —s2 Ge — 3) = 2 (3) 20) 


Solve: x — 3(1 — 2x) = 1 — 4(3 — 2x) 


Graph: 454.2) —2 








Find the equation of the line that contains the 
point (—2, —1) and is parallel to the line 
3x" 2y = 6. 


Multiply: (a2b>)(ab2) 


Write 0.000000035 in scientific notation. 


Multiply: (a — 3b)(a + 4b) 
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19. Divide: «3? — 8) + @ — 2) 


21. Factor: 12x —x - 1 


23. Factor: 4b2 — 100 


126 ye 
18xy/ 





25. Simplify: 


Km et Ou 18a 140 








Banas: x 4+8x4+7 (x? ode = 5 
fier thee) 
rae 
29. Simplify: 
a 
D 


20. 


22; 


24. 


26. 


28. 


30. 


EACtOin yaa) ae 


Factor: 2a3 + 7a? — 15a 


Solve: (x + 3)(2x 25) =0 


oe RS Tee ae 10 
Simplify: Tae eee 








Subtract: z : 
Wi Niet avd x+1 








3 
Solve: a! 
poy ik 


31. A silversmith mixes 60 g of an alloy that is 40% silver with 120 ¢ of another 
silver alloy. The resulting alloy is 60% silver. Find the percent of silver in the ° 


120 g of alloy. 


32. A life insurance policy costs $32 for every $1000 of coverage. At this rate, 


how much money would a policy of $5000 cost? 


33. One water pipe can fill a tank in 9 min, whereas a second pipe requires 
pipes, working together, 


18 min to fill the tank. How long would it take both 


to fill the tank? 
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: Rational Exponents 


Chapter and Radicals 







si ea ci 1 
PPM Se ee 
igen, i oo wethele 
Pe ae Seis 
\? 
~ 


oy On tye 
a, 


” 


As Ba 
4 


Section 9.1 
A To simplify expressions with rational 
exponents 
B_ To write exponential expressions as radical 


expressions and to write radical expressions 
as exponential expressions 


C To simplify radical expressions that are roots 
of perfect powers 


Section 9.2 





A To simplify radical expressions 
| _ B_ To add or subtract radical expressions 
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C To multiply radical expressions 
D To divide radical expressions 


Section 9.3 
A To simplify a complex number 
B. To add or subtract complex numbers 


~ C To multiply complex numbers 
D_ To divide complex numbers 


‘Section 9.4 
A To solve a radical equation 
8) To solve application problems 


eal 
ie a 


Byars 


ke he Need help? For on-line student resources, such as section 


¢ é a quizzes, visit this textbook’s web site at 
} a 8 _college.hmco. com/students. 
ee ae ee 


Pores 148" 4° ee Tits 


ae < ioe 
a v 


These floating icebergs stand out dramatically against the 
horizon. A submarine periscope would magnify and bring an 
object like this one clearly into focus. The periscope could 
also be used to determine the distance from the submarine 
to the iceberg. A simple formula involving a radical 
expression is used to calculate this distance, given the 
height of the periscope above the surface of the water. The 
Project on page 534 shows how to use a radical equation to 
calculate the distance. 











“paatosat SIUSL [TV “uedwiog, UILJUN UOVYSNoY © IYstaAdoD 


, you 
able, 














: Cc 
: a 
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: eof 
: ee ee 
: eye tc" 
. Z, Om mH yg 
° Oo » = 
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: = BS Secs 
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SEBS 
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iT) 
i) i Sere: E 4 
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— - - s ~ 3 hy, ine 
[p= ~ , 4 Pee oin SS ee a ge ES = 2 
aT i) SS Ba eee ee eS : 
A va Bo 0) SS eer ea 
 ) Se ee ae Se og oe Sate ce : 
% @ ‘i (S 33 Gael a-2 = eee es 
i Cae Ot oe won ee ore et ERE Sg Aich e pew a 
fics yak 5 RE eee eat Po |S eS ee . Ora 
OO. deere a ge ee ee Lene tee eee os 
"Bee os Gh 4 lee bee 3 eeees 
ss nate! ya EGA Sac eine ae G see eit ee ern 64 nr 
bbiits (*s toes sees . * frees 2 a Qt er te 
wees.*'. liad 4 see eee ull Vee eS ae 
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; Objective A 






Gg uf 

nc expressions with 
fractional exponents. He wrote 
R?6 to mean 6"? and R315 to 
mean 15*/3, This was an 
improvement over earlier 
notations that used words for 
these expressions. 
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Rational Exponents and 
Radical Expressions 


To simplify expressions —yineo 
with rational exponents [ae ]) 





WEB 


In this section, the definition of an exponent is extended beyond integers so that 
any rational number can be used as an exponent. The definition is expressed in 
such a way that the Rules of Exponents hold true for rational exponents. 


Consider the expression (a!/")" for a > 0 and na positive integer. Now simplify, 
assuming that the Rule for Simplifying Powers of Exponential Expressions is 
true. 


(qim)n = an” =qai=a 

Because (a!")" = a, the number a!” is the number whose nth power is a. 

If a > 0 and n is a positive number, then a!" is called the nth root of a. 
2512 = 5 because (5)? = 25. 8'3 = 2 because (2)3 = 8. 


In the expression a!”, if a is a negative number and n is a positive even integer, 
then a!” is not a real number. 


(—4)!? is not a real number, because there is no real number whose second 
power is —4. 


When 7 is a positive odd integer, a can be a positive or a negative number. 
(27? = —3 because (—3)? = —27, 


Using the definition of a!” and the Rules of Exponents, it is possible to define any 
exponential expression that contains a rational exponent. 


Rule for Rational Exponents 


If mand nare positive integers and a'/"is a real number, then 


amin = (ql/n)m 





“fl 2. UAE, 
The expression a’”” can also be written a” = a = (a)!", However, rewriting 
a™” as (a”)'”" is not so useful as rewriting it as (a'")'. See the Take Note at the 


top of the next page. 


As shown above, expressions that contain rational exponents do not always rep- 
resent real numbers when the base of the exponential expression is a negative 
number. For this reason, all variables in this chapter represent positive num- 
bers unless otherwise stated. 
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ssvasvo sonaoesstensncen ce sesetoosacen seins ossedebecscosesanes assoc ceSaesareE: 


TAKE NOTE 
i Although we can 
' simplify an expression 
by rewriting a” in the | 
) form (a’”)"", it is usually 
| easier to simplify the 
form (a\")”. For 
_ instance, simplifying 
_ (271°) is easier than 
_ simplifying (277)!”. 


eee eee | 







giteranesnce scene sanes2 sep CES COSC COOLIO ASS TSNCENE ELEN EER 


| TAKE NOTE 
| Note that 32-2 = 7 a 


_ negative exponent does 
_ not affect the sign of a 


] 
i 
j 
) 
positive number, The 
' 
number. 
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=> Simplify: 277% 


272 = (332 ¢ Rewrite 27 as 3°. 
= 3328) ¢ Multiply the exponents. 
= 3 © Simplify. 
= 9 


= Simplify: 32-2" 


B26 =>) 2 e Rewrite 32 as 2°. 


a ¢ Multiply the exponents. 

1 
= 52 , e Use the Rule of Negative Exponents. 
at © Simplify 

4 aig 


=> Simplify: a! - a23-q-1/4 
Que gus Ma Sg lice zie ia e Use the Rule for Multiplying Exponential 
Expressions. 


= g6/12+8/12—3/12 


qe © Simplify. 


=> Simplify: (%y*)32 


(x®y4)32 i= :6G/2)4,4(3/2) ¢ Use the Rule for Simplifying Powers of Products. 


=—xye © Simplify. 


een Saban ee 
o> Simplify: aoe 


8a2bh-* i. (aa) 


64a 2b? 56g 5h? © Rewrite 8 as 23 and 64 as 2°, 





= (2-3al2p-6)2/3 e Use the Rule for Dividing Exponential 
Expressions. N 
= 2-2a8b-4 e Use the Rule for Simplifying Powers of 
‘ ; Products. 
| as aed 
~ 9254 ~ apa e Use the Rule of Negative Exponents and 


simplify. 
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Example 1 


Solution 
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POCO Ro Oe Coes DES erenSeoesoee 
tee Peay seeeeessoors PCCP R Ooo eS ee reese seeareeEeeeseesseEeEseesenore 
. 


Simplify: 64-2 You Try itd Simpl 1634 
64°73 = = (26) PB iei 2st Your solution 

wel eel 

oe ae 


ae bye gen 


Solution 


Seeeesceeseseseses 


Example 3 


Solution 


Example 4 


Simplify: 


Solution 


Objective B To write exponential expressions as radical 
i i j i fas Wy 


gos. ) 






Rudolff called Coss. 


The base of the exponential Your solution 
expression is a negative number, 

while the denominator of the 

exponent is a positive even number. 


Therefore, (—49)? is not a real 
number. 


ee eeeseos 
ceeeeee eeeeee we ahaa POOH H OSE OH OHO HEED ES EEHE DESOTO TEESE HESS EE EEE EEE SESOS OH UES EHO OS ESE SHH SE SEODS 


Sinoplify: (Coleyos2zg)9 532 You Try It 3 Simplify: @24y!2z-23)-43 


i as Macs damel SEC, Your solution 
= x7 34y9/47—3/8 

yo 

34,318 


Xx 


i You Try It 4 


a 2y5/4 16a72543\-12 
——- Simplify: | 
x AByIB ' implify 9q4b 28 


x ey —5/4 
x oy 1/3 
= ~3/6 — Sate — 4/12 


/ 
x 1/6 


Sih ge Solutions on p. S27 


Your solution 





= xlVy-19/12 — 


expressions and to write radical expressions as 
exponential expressions 





Og Recall that a!” is the nth root of a. The expression W/a_is another symbol for the 


nth root of a. 


He If a is a real number, then a!” = Wa . 


modified the symbol to indicate Jp the expression V/a, the symbol V _ is called a radical sign, n is the index of 


square roots, cube 


fourth roots. The idea of using 


an index, as we do 


eo and the radical, and a is the radicand. When n = 2, the radical expression represents 


inour a square root and the index 2 is usually not written. 


osteo cicnot occur An exponential expression with a rational exponent can be written as a radical 


until some years later. 


expression. 


Rule for Writing Exponential Expressions as 
Radical Expressions 


If a'/"is a real number, then a” = a” Wn = (gm)i/n = Va”. 





. . $ <2 1 
The expression a’””” can also be written a’ = (qinyn = (Way, 





500 Chapter 9 / Rational Exponents and Radicals 


The exponential expression at the right has been writ- 23 = (y?)"”3 
ten as a radical expression. = Wy? 


The radical expressions at the right have been written = W/x6 = (x)'/5 = 6/5 
as exponential expressions. W17 = (17)!2 = 17! 


=> Write (5x)? as a radical expression. 


(5x25 = V(5x)? ¢ The denominator of the rational exponent is the index of 
the radical. The numerator is the power of the radicand. 
= 25x? © Simplify. 


=> Write Vx‘ as an exponential expression with a rational exponent. 
Wat = (x4)18 * The index of the radical is the denominator of the 


rational exponent. The power of the radicand is the 
numerator of the rational exponent. 


= Ga © Simplify. 
=> Write Va? + 53 as an exponential expression with a rational exponent. 
Vae+ B3 = (a3 + 53)18 


Note that (a? + 53)!3 4a + b. 


POOP CCCP ODO e oD URE EE OEE EEH OCT O OOOO EEE O ODEO LESTE HSE TED EL OE OD OES O DOSES OOOO TNS OC OE EOE OEE OEE OS OOS O OOOO EEOC OE ESO E SEES ECO OOS DOES O EES RODE eee ese ECeESEDeCS 


Example5 Write (3x)5“ as a radical You Try It 5 Write (2x3)34 as a radical 
expression. expression. 
Solution (3x)24 = Vv (3x)5 = W/243x5 Your solution 
eee 6 Write —2x?? as a radical Bee Try It 6 Write —5a** as a radical 
expression. expression. 
Solution —2x23 = —2(x2)18 = —2V/x2 Your solution 
| eh eae et es oh sretieggststeneeeseseeseneeeeneneees seteeseseseseseserspbeseeesesesssssenereseneeeees sesetageeesenees Ses osstepeds tae eee 
Example 7 Write V3a as an exponential You Try It 7 Write V3ab as an 
expression. exponential expression. 
: 4 
Solution V3a = (3a)!4 Your solution 
un P 
oa 8 Write Va’ — b as an exponential You Try It8 Write Vx‘ + yas ant ome 
expression. 


exponential expression. 


Solution Va? — b? = (a? — b2)12 Your solution 


Solutions on pp. S27-S28 
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Objective C To simplify radical expressions ipso... 
? L) 


Why 
that are roots of perfect powers ey 
WEB U/SSM 
Every positive number has two square roots, one a positive number and one a 


negative number. For example, because (5)? = 25 and (—5)2 = 25, there are two 
square roots of 25: 5 and —5. 





The symbol V _ is used to indicate the positive or V25 = 5 
principal square root. To indicate the negative square 
root of a number, a negative sign is placed in front of 


the radical. ~/25 = —5 
The square root of zero is zero. V0 90 

The square root of a negative number is not a real num- V/—25 is not a real 
ber, because the square of a real number must be number. 
positive. 

Note that 





MS 25 = 5 and V5? = V5.5 
This is true for all real numbers and is stated as the following result. 


For any real number a, Va? = |a| and —Va? = —|a|. If a is a positive real num- 
ber, then Va? = a and (Va)? =<) 


Besides square roots, we can also determine cube roots, fourth roots, and so on. 
V8 = 2, because 23 = 8. ¢ The cube root of a positive number is positive. 
W-8 = —2, because (—2)3 = —8. ¢ The cube root of a negative number is negative. 
W625 = 5, because 54 = 625. 

V/243 = 3, because 3° = 243. 

The following properties hold true for finding the nth root of a real number. 


If n is an even integer, then Va" = |a| and —Wa" = —|a|. If n is an odd integer, 


then Wa" =a. 





TAKE NOTE 
Note that when the 
index is an even natural 
number, the nth root 
requires absolute value 
symbols. 


Wy = |y| but Vy =y 
‘Because we stated that 


' 
For example, 
i 
f 


Wyo = ly Wl = =7)e| Wb> = b 





For the remainder of this chapter, we will assume that variable expressions 
inside a radical represent positive numbers. Therefore, it is not necessary to use 


the absolute value signs. 
variables within radicals 


4 
a implify: Vx4y8 ' 
represent positive => Simplify y 


| 
i 
numbers, we will omit | ; ye =a ys e The radicand is a perfect fourth power because the 
i 
| 
a 
J 


oe sed aan exponents on the variables are divisible by 4. Write the 
aia answer. . radical expression as an exponential expression. 
xy? ¢ Use the Rule for Simplifying Powers of Products. 
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=> Simplify: V125c%d°6 


W/12509d8 = (53c°d®)"3 ¢ The radicand is a perfect cube because 125 is aperfect 
cube (125 = 5°) and all the exponents on the variables are 
divisible by 3. 
=Sords ¢ Use the Rule for Simplifying Powers of Products. 


Note that a variable expression is a perfect power if the exponents on the 
factors are evenly divisible by the index of the radical. 


The chart below shows roots of perfect powers. Knowledge of these roots is very 
helpful when simplifying radical expressions. 





=> Simplify: V—243x5y5 


5 
V 3243x515 = —3xy5 e From the chart, 243 is a perfect fifth power, and each 
exponent is divisible by 5. Therefore, the radicand is a 


TAKE NOTE 

_ From the chart, 
| W/243 = 3, which means 
that 3° = 243. From 









. this we know that perfect fifth power. 
_ (—8)? = —243, which 
means W/—243 = —3. 
Example 9 Simplify: \/—125a°b9 You Try It 9 Sanphe y < 12y3 ie 
Solution The radicand is a perfect cube. Your solution 
\/—125a5b9 = —5ab? Divide each : 
exponent 
by 3. 
ieee eee 8 guscistaroesesesetesestavenanrennengededtslM oussdssinesnsasenaseeteasecaassivenreay2att eae eee ae ene Passes 
Example 10 Simplify: —V 16a‘b® : You Try It10 Simplify: —W/81x2y8 | 
: te 
‘ 
Solution The radicand is a perfect fourth Your solution 
power. 
= wk 
—~W/16a4b® = —2ab? ° Divide each ae 
exponent 
by 4. 


Solutions on p. S28 
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9.1 Exercises 


Objective A 
Simplify. 
1. 818 r= 2. 
6. 647-13 7. 
11. zy” ey 
16. x2/5- x-4/5 17. 
2. = 22. 
26. — 27. 
31. (a~1)-2 
35. (al2-a/ 
39. (y7 12 - y28)28 





1612 


322/5 


Ve 


x7 2/3. 43/4 
bi 

b*3 

(x?) 12 


13. 


18. 


Z3. 


32. (b-2/3)-6 


36. (b23 ‘ p1/6)6 
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93/2 


1634 


x /241/2 


x: x12 


(a8)-34 


40. (pee : bil4)—4/3 


14. 


19. 


24. 


Zo: 


33. 


D7. 


41. 


253/2 


(—25)5/2 


q'3q5/3 


qi3 . q3l4 . q-W2 


x35 


xls 


(x7 28)° 


(x 3/8) —4S 


(x12 é ae 


eye 


10. 


15. 


20. 


256 


30. 


503 


27-213 


(—36)!4 


=1/4,)3/4 
LEey 


=116 2/3. . 1/2 
y, vay 


(Gre es 


34, ye 2)mee 


38. (a2 -a-2)3 


42. (a3b°)2 
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43. 


47. 


5[: 


55. 


59. 


61. 


65. 


69. 


7S) 


77. 
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(x4y2z6)3/2 44, (a’bic4)3/4 
Came yoe) 6 48. (a~23b23)3/2 
Fs). 56. a 


(l6m-2n*)-"/2(mn"2) 


Kare 0 ae —4 
Vy vy 


eet yaa = yet) 66. yee(Cyee 4 i?) 








xn. x¢3n 70. qen 5 Gat 
n/2 m/3 

iy. b 
= 74. 

y n b” 

Ca tyris)ys 78. (age ynl2)G 


45. 


49. 


53. 


aM 


60. 


63. 


67. 


Al. 


75. 


19: 


(eye ete 46. (a2b~®) "2 


1/2\4 b-3/4\8 
7) so. (i 


eS y h (= . -“y 
1/9 c 1/2 
y a 
(a23b2)9(a3h3)13 58. (x3y71/2)-2(x-3y2) 16 


(27m3n-®)!3(m—13 4°/6)6 


= . ee 
a Pee 
a-Va(qsi4 — q9/4 68. ¢43(x23 + 4-13) 
xn» xnl2 72, qnl2. q-ni3 
CPG eee (e29) 21 
(x1/5yn/10)20 80. (x/2yn/5)10 
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Objective B 
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Rewrite the exponential expression as a radical expression. 


81. 


85. 


89. 


93: 


31/4 


(21)5/2 


(a2b )2/3 


(4x — 3)3/4 


82°55" 


86. 


90. 


94. 


(3x)2/8 


(x2y3)34 


(3x — 2)18 


83. 


87. 


91. 


95. 


Rewrite the radical expression as an exponential expression. 


97. V14 
101. x4 
105. V2x2 


109. 


3xWVy? 


98. 


V7 


102. Wa} 


106. W/4y’ 


110. 2yVx3 


99. 


103. 


107. 


111. 


q3!2 


— 22/3 


(a2b4)3/5 


x7 2/3 


=V 3x5 


ie ae 


84. 


88. 


o2. 


96. 


100. 


104. 


108. 


112. 


b4/3 


—3q2/5 


(a3b’)3?2 


b-3/4 


V3-y 
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Objective C 


Simplify. 

113. Vx!6 114. Vy!4 115. —Vx8 116. —Va° 
117. Wx3y9 118. Vash? 119. —VWx!5y3 . 120. —Wa%? 
121. Vi6a4b?2 122. V25x%y? 123. V—16x4y2 124. V—9a‘4b8 
125. W/27x9 126. W/8a2!bé 127. VW —64x%2 128. W/—27a3b5 
129. —Wx8y2 130. —Walep4 131. V/x20y10 132. Wash 
133. W81x4y20 134. W/16a8b20 135. V/32a5b10 136. V/—32x15y20 


APPLYING THE CONCEPTS 


137. Determine whether the following statements are true or false. If the 
statement is false, correct the right-hand side of the equation. 


a. V(—2)2 =—2 b. (23) = —3 c. NY i = qin 


d. Va" +b" =a+b e. (a2 + 5122 =a+b f. Va" = qm 


138. Simplify. 


an WON b. Wa c. VVBIy8 
d. Var . WE 6 VIER 





°,139. Ifx is any real number, is Vx? = x always true? Show why or why not. 





Pe ee 


Copyright © Houghton Mifflin Company. All rights reserved. 


SS .-- = 


» Copyright © Houghton Mifflin Company. All rights reserved. 






9.2 





numerus surdus, which literally 
means “inaudible number.” A 
prominent 16th-century 
mathematician wrote of 
irrational numbers, “Just as an 
infinite number is not a 
number, so an irrational 
number is not a true number, 
but lies hidden in some sort of 
cloud of infinity.” In 1872, 
Richard Dedekind wrote a 
paper that established the 
first logical treatment of 
irrational numbers. 
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Operations on Radical 
Expressions 


To simplify radical expressions 





If a number is not a_ perfect power, its root can only be approximated; examples 
include V5 and V3. These numbers are irrational numbers. Their decimal 
representations never terminate or repeat. 


\/5 = 223606790 9) \/311.4400405. 


A radical expression is not in simplest form when the radicand contains a fac- 
tor greater than | that is a perfect power. The Product Property of Radicals is 
used to simplify radical expressions whose radicands are not perfect powers. 


The Product Property of Radicals 
lf Va and Wb are positive real numbers, then Vab = Va - Wb 





and Va -Wb = Wab. 





=» Simplify: V 48 


V48 = V16-3 © Write the radicand as the product of a perfect square and a 
factor that does not contain a perfect square. 


= Vi16V 3 © Use the Product Property of Radicals to write the expression 
as a product. 


= 43 © Simplify ‘16. 


Note that 48 must be written as the product of a perfect 
square and a factor that does not contain a perfect 
square. Therefore, it would not be correct to rewrite 


V48 as V4- 12 and simplify the expression as shown V48 =V4- 12 


at the right. Although 4 is a perfect-square factor of 48, V2 

12 contains a perfect square (12 = 4-3) and V/12 can = W/12 

be simplified. Remember to find the largest perfect 

power that is a factor of the radicand. Not in simplest form 


=> Simplify: V 18xy? 





NW 1Si = \/ On" = Dy * Write the radicand as the product of a perfect 
square and factors that do not contain a perfect 
square. 

= NOONE 2Y ° Use the Product Property of Radicals to write the 


expression as a product. 
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=> Simplify: Vx7 
Wx? = Wx8 x 


= VEE 


= Wx 


=> Simplify: V32x7 
PE EVO 





= V2) 


= VES 


es’ 


= 2xW2x3 


ele Simplify: Wx) 


Solution = Wx9 = Wx8-x = Wx8 Wx 
= Wx 





POCO S CEO ooo THEE SESE SHOE E EOC E SESE SHEE SESE SESE HE EEEEEOE DES SESESES ESE SESE SEREOOOES 


seen Simplify: VW—27a>b” 
Solution = V—27a5b!? = V/(—3)5a5b”? 
= V(-3)3a3b2(@?) 
= V(-3)33a2b 2 Wa2 
= —3ab*Va2 








Objective i To add or subtract radical 





e Write the radicand as the product of a perfect cube and a 
factor that does not contain a perfect cube. 


e Use the Product Property of Radicals to write the expression 
as a product. 


© Simplify. 


TRA ‘ 


Write the prime factorization of the coefficient of 
the radicand in exponential form. 


¢ Write the radicand as the product of a perfect 
fourth power and factors that do not contain a 
perfect fourth power. 


e Use the Product Property of Radicals to write the 
expression as a product. 


© Simplify. 


[Le Try It 1 Simplify: Wx? 


Your solution 


SOOT OHH OE OTHE HOES EH EEE HEHEHE EES EO EES ESS ESS SESE OOS EOS OHEE SEE EOE SESE EEE EEE SOEES 


You TryIt2 Simplify: V/—64x8y!8 


Your solution 


Solutions on p. S28 


expressions 


és Wie 
TUTOR WEB SSM 





The Distributive Property is used to simplify the sum or difference of radical 
expressions that have the same radicand and the same index. For example, 


combining like terms. 


Radical expressions that are in simplest form and have unlike radicands or 


|TAKE NOTE | 3V5 + 85 = 3 + 8)V5 = 11V5 

i] A : 

| Adding and subtracting 3 mace: oe ¥ 3 eee 

| radicals is similar to 2V3x 9V 3x =(2— 9)N/3x = —7V3e 
} | 


LEA RR LELEE PN, SLAE CE TE R EN AC I NO  OICE 


different indices cannot be simplified by the Distributive Property. The ex- 


pressions below cannot be simplified by the Distributive Property. 


BN/2 = 6 3 2\/ An = 3h Ag 
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™> Simplify: 3V32x2 — 2xV/2 + -V/128x2 


ae FN) 32x2 — 2xnV2 + -V128x2 e First simplify each term. Then 
=93\/ 1602 \0-< IxV/2 + VG4x? V2 combine like terms by using the 
Distributive Property. 
= 3-4xV2 —2xV2 + 8x V2 
= 12xV2 = 2xV2 + 8xV2 J 
= 18xV2 


wae 6 @me aenaleine: "i Perot as hoes 4 : ti? ; ‘ y i x 4 
SUOSL SOOM SE RECESS LOR De Rese eceeese pecans sees er en eee scesncncsccenencceecsiecusccncccestaccnuentsesese seis cinisln oes eainieeie's 6 al eeee 
i x & f ‘e . ore i z 


. 
| 


Ws 
ti 
SS 


Your solt 


@& wo 
TUTOR WEB SSM 


To multiply radical expressions 





The Product Property of Radicals is used to V 3x -V Sy = V 3x: Sy = V L5xy 


multiply radical expressions with the same 


index. 
=> Simplify: V2a5 V/16a2b" 
W/2a5b W 16a°b? = V/32a7b? e Use the Product Property of Radicals to 


multiply the radicands. 
= Vea Yaa * Simplity 
= 2abW4a 


= Simplify: V2x(V8x — V3) 
V2x(V8x — V3) = V2x«(V8x) — V2x (V3) e Use the Distributive Property. 


= V16x2 av 0% © Simplify. 
= 4x — Vox 


=> Simplify: (2V5 — 3)(3V5 + 4) 


(2V5 — 3)(3V5 + 4) = 6(V5)? + 8V5 — 9V5 — 12 © Use the FOIL method to 


multiply the numbers. 
= 30+ 8V5 —-9V5 — 12 
=18—V5 © Combine like terms. 
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=» Simplify: (4Va — Vb)(2Va + 5Vb) 
(4Va — Vb)(2Va + 5Vb) 





TAKE NOTE 


The concept of conjugate 
_ is used in a number of 
| different instances. 
Make sure you 
understand this idea. 


= 87 + 18Vab — 5b 


(a+ b\@—b) = @— pb 


The conjugate of V3 — 4 expressions. 

is V3 + 4. 

The conjugate of V3 + 4 => Simplify: (V11 = aval 1 
is V3 — 4. 


The conjugate of 
| V5ba + Vb is V5a — Vb. 


Example 4 
Simplify: V3x(V27x2 — V3x) 











Solution 

V3x(V 27x2 — V3x) = V81x3 — VOx? 
= V8ix2Vx — V 9x2 
= 9xVx — 3x 


eet oft Bae 
Simplify: (2Vx — 3)(3Vx — 4) 


Solution 
(2Wx — 3)(3Wx — 4) 
= 6V/x2 — 8x — 9W/x + 12 


26/52 — ATV OD? 


POPC MORO E REESE R DOT ECHH OT ESOO SES EED OHO EEO E DES ODE COE ESOS E DESEO DeLee Eneeecesecs 





‘Simplify: (2Vx — V2y)(2Vx os V2y) 


Solution 

(2Vx — V2y)(2Vx + V2y) 
= (2Vx) - (V2) 
= 4x — 2y 


= 8(Vay + 20Vab — 2Vab — 5(Vb) 


WAL 3)0V/ 1 2 3y= (V11¥ = 32 = 11 =9 


© Use the FOIL method. 


The expressions a + b and a — b are conjugates of each other. Recall that 


This identity is used to simplify conjugate radical 


43) 


e The radical expressions 
are conjugates. 


Pe wl etna ae a 
Simplify: V5b(V 3b — V'10) 





Your solution 


eer 
Simplify: (2V/2x — 3)(W/2x — 


Your solution 


FTO O OOOO Cee eee eee e EHO OOOO LODO HSE S EOS o OSE D SOOO EOC ESO O CCE DOES OOS eseEsEESete 


You Try It 6 
Simplify: (Va — 3Vy)(Va + 3Vy) 


Your solution 


Solutions on p. S28 





pany. All rights reserved. 


oe 


hton Mifflin Com) 


A Ep a! a af * 


>, 
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not rationalize the 


_ denominator of =—. 


| Wee Vee 
| Because V16x?is nota 
_ perfect cube, the i 
_ denominator still att 


Objective D To divide radical expressions 





[TAKE NOTE | 


3 - 


Multiplying by xe will 


WV 4x 


: ye ae 


3. V4 38V 4x 
V16x2 








' contains a radical 
| expression. 


Rae Ante ae 2 Se | 
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AW hy 





TUTOR WEB 


The Quotient Property of Radicals is used to divide radical expressions with the 
same index. 


The Quotient Property of Radicals 
If Wa and Wb are real numbers, and b + 0, then 


by 





81x> 


 Simplity. 3)— 
be 





,[81x8 _ Vix 

= aay ae 

—— : 

_ V27BW3x? — 3xV/3x? 
co = 

V8 


V 5a‘bic2 
Vab3c 


SBN iSatbics 

a ab°c 

= Vaabre 

= Vaeb+V5ac = ab? V5ac e 


© Use the Quotient Property of Radicals. 





7 Simplify each radical expression. 


=> Simplify: 


V5a4bic? 
ie Use the Quotient Property of Radicals. 
ab°c 


Simplify the radicand. 
A radical expression is in simplest form when no radical remains in the denom- 


inator of the radical expression. The procedure used to remove a radical from the 
denominator is called rationalizing the denominator. 


=> Simplify: os 























Bei ane v2 * Multiply by ae which equals 1. 
Nae VE aay 2 : 
5V2 gpl ee 
ae ie © V2-V2=(V2P=2 
mp Si lify 5 
- Simplify: 
PO NT dee 
Is 7 rs 
5 ae ie : page ° Because V/4x - V/2x? = \/8x3, a perfect cube, 
V4x Wax V2x? ' Vayt 
multiply the expression by —-~—, which 
V 2x2 
4 x equals 1. 
moe Boer 
OEE es Be, © Simplify. 
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To simplify a fraction that has a square-root expression with two terms in the 
denominator, multiply the numerator and denominator by the conjugate of the 
denominator. Then simplify. 


















































Simplify: ~ SM 
x + Vy 
TAKE NOTE Vx -—Vy Vx -Vy Vax - Vy 
_ Here is an example of ss j 
_ using a conjugate to Vx + Vy Vx + Vy Vi = Vy 
' simplif dical 
em VSN VIP TING) Slee Yay FY 
(Vay) oy 
aay 7 oe Try It 7 
5 ; ay 
Simplify: Simplify; ——— 
plity WES plify Vy 
Solution Your solution 
Dee) #5 BOP ON OX 
V5x V5x V5x (W5x) 
SVC EON 
mG Xi 
ae ; : Vemma 
ome Sinphee 
plity: Wax implify: ee 
Solution ri Your solution 
Sh le Oo 8x? 
2x Y2x W8x3 
_ 3xV8x3 3x V8x3 
W16x4 2% 
Le 8x3 
2D, 
fae amet: coe iiinL ot bl pores 2 ee 
= Example 9 a HYou Try It 
ae 3 3+ V6 
Simplify: 
PUY 5 V3 Sa ee 
Solution Your solution 
eee eS lS 63 
D238 © 52/3. 5 03 52 11/32 ee 
ex ONG 1S aE GA/ 3. 
Doom 13 


Solutions on p. S28 





a ae 


oe a 


—— 


on — - oa 2 
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9.2 Exercises 


Objective A 





Simplify. 


5. V45x2y325 


9. Wap 


13. Watb5c6 


Objective B 





Add or subtract. 


17. 2Vx — 8Vx 


20. V2ia —V 8a 


Deano Sry 20V 32)" 


25. 2aV27ab> + 3bV 3a*b 


27, w/16 — W/54 


29, 2bV/16b2 + W/128b5 
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18. 3Vy + 12Vy 


24. 


26. 


28. 


30. 


3. V8a2p8 4. V24a°b® 
7. V—923 8. V—x2y5 
11. W=125x2y4 127 = 26cy 
15. W/16x°y3 16. V64x%y!0 


19. V8 — 732 
V18b + V75b 22. 2V2x3 + 4xV 8x 


2x 32K) — xy 98y 
W128 + W/250 
2W3a4 — 3aW/81a 


3V/x5y7 — 8xy Vx2y4 





514 Chapter 9 / Rational Exponents and Radicals 

























31. 3/32a> — aV162a 32. 2aW16ab> + 3bW256a°d 

33. 2V50 — 3V125 + V98 34. 3/108 — 2V18 — 3V/48 

35. V9b3 — V25b3 + V49b3 36. V4x7y> + 9x2Vx3y5 — SxyVx5y3 
37. 2x V8xy? — 3yV32x3 + V4x3y3 38. 5aV3a2b + 2a2V27ab — 4V75a5b 
39. W54xy3 — 5W/2xy3 + yW128x ~ 40. 2W24x3y4 + 4xW/81y4 — 3yW/24x3y 
Al. 2aW/32b> — 3bW/162a‘b + W2a*b> 42. 6yW48x5 — 2xW/243xy4 — 43x34 


Objective C 

















Multiply. 
43 ery 8 30. 44. V14V35 45. V4V/8 
46. W/6V/36 47. V2 Vxy 48. Va5b Vab} 
49. V2x2yV32xy 50. V5x77V10x3y4 51. Vey W16x4y2 
52. W/4a2b? V8ab> 53. V12ab3 W4a5b? 54. V/36a2b*W/12a5b3 z 
E 
2 
- re a 
Bere ay 2723) 56. V10(V/10 — V5) 57. Valve - V2) a 
, a 
eas oe a sah 
58. Vy(Vy — V5) 59, V2x(V8x — V32) 60. V3a(V27a2-— Va) & 
21 
a 





61. 














64. 


66. 


68. 


70. 


(OF 


Objective D 


(Vx — 3) 





2V 3x2 - 3V12xy3 - V 6x3y 





VW 8ab W/4a2b3 W/9ab4 
G2 a2 4) 
(Vy — 2)(Vy + 2) 


(V2x — 3Vy)(V2x + 3Vy) 





62. (V2x + 4) 


65. 


67. 


69. 


7A 


73. 


@ 74. When is a radical expression in simplest form? 
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63. (4V5 + 2) 


2V 14xy - 4V7x2y - 3V 8x? 





W/2a2b W/4a3b? \/8a5b° 


(V5 — 5)(2V5 + 2) 


(Vx = y)(Vx + y) 





(2V3x — Vy)\(2V3x + Vy) 


eq 75. Explain what it means to rationalize the denominator of a radical expres- 


Copyright © Houghton Mifflin Company. All rights reserved. 


Simplify. 
\/2552 
76. ee lye, 
V 2x 
se 81 
5 
5 
84. 85. 
WV See 
eS 
oo == 89. 
V2 


sion and how to do so. 








SS 
Ss 
ms 

















78, 42a%b° 79, ¥65ab* 
V14a2b \/sab 
82. a 83. ¥ 
86. Re 87. 
90. oe 91. a 


516 


Baye V/15a2h5 
92. V40x?y? 930 
V80x2y3 V30a°D? 
96 : 97, = 
aoe aie 
2 5 
100.2.>= 1016 
V5 +2 2-v7 
Avi, Mee 105. 
V5) TES) 
DEE3N/ 5 
107 108. 
V5 
IN x = 4 
110 111. 
Wee So) 


APPLYING THE CONCEPTS 


113. 


Chapter 9 / Rational Exponents and Radicals 











V24ab 


94) 
V18ab4 


98. 





s 





102. 


Determine whether the following statements are true or false. If the 
statement is false, correct the right side of the equation. 


a. V3-W4=Vi2 





b. V3-V3 =3 





d. Vie + Vy =Vx+y 





114. Multiply: (Wa + Wb)(Wa? — Wab + Wb?) 


A/ 3 
115. Rewrite a) 


SWI a ee 


MaNIW4 irs 
ND V8 
2N3 ei 109. 
chy coe ® 
shoal, 112. 
Vy + 2y 

Vi ee 8 





95. = 
V20x4y 


99. 





103. 


DA aN 
5 7 


2Va -—WVb 
4Va + 3Vb 


3Vx — 4Vy 


3Vx — 2Vy 


{8Vae= 2a 6 


— —==—_ as an expression with a single radical. 
Via 0 
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a = —__—we | 
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Point of Interest 


The first written occurrence of 
an imaginary number was ina 
book published in 1545 by 
Girolamo Cardan, where he 
wrote (in our modern notation) 
5 + V—15. He went on to say 
that the number “is as refined 
as it is useless.” It was not 
until the 2oth century that 
applications of complex 
numbers were found. 


sgenvesesosrenoconcwsccenonnentncsanet 


TAKE NOTE 


The imaginary part of a 
complex number is a 
real number. As another 
example, the imaginary 
part of 6 — 8 is —8. 


seer oss me Rae HSE uN Sno statteneRteNeEIEee 


I ase EEL EO EIST AE SREP SPEC LESTE TEE STTE 


vssoiaesbiecabaerslensehin 
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Complex Numbers 


VIDEQ. 






@ & 


The radical expression V —4 is not a real number, because there is no real num- 
ber whose square is —4. However, the solution of an algebraic equation is some- 
times the square root of a negative number. 


To simplify a complex number 


For example, the equation x? + 1 = 0 does not have a real cee) = () 
number solution, because there is no real number whose bee | 
square is a negative number. 


Around the 17th century, a new number, called an imaginary number, was 
defined so that a negative number would have a square root. The letter i was cho- 
sen to represent the number whose square is —1. 


?=-1 


An imaginary number is defined in terms of i. 


Definition of V—a 
If a is a positive real number, then the principal square root of negative a is the imaginary 


number iV a. 





Here are some examples. V=16 =iV 16 =4i 
V 12 = 112 = 2:73 
V-21 =iv21 
V=1 =iV1 =i 


II 


It is customary to write i in front of a radical to avoid confusing Va i with 
Vai. 


The real numbers and imaginary numbers make up the complex numbers. 


Complex Number 


A complex number is a number of the form a + bi, where a and bare real numbers and 
j= V—1. The number ais the real part of a + bi, and bis the imaginary part. 





Examples of complex numbers are shown at 
the right. 







7 Care Bren ir ese 
poe bi faba 
Hee eyes See, 


epee 
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Real Numbers A real number is a complex 
a+ 0i number in which b = 0. 
Complex numbers 
Qt 
Imaginary Numbers An imaginary number is a 
0+ bi complex number in which 
a= 0. 


Simplify: V20 — V—50 


\ . 





V20 — V—50 = V20 -iV50 ° Write the complex number in the 
form a + bi. 
=a V4" SN 2D ¢ Use the Product Property of Radicals 
2 = to simplify each radical. 
= 25 — 5iv2 
. Example 1 BYou Try It 1 
Simplify: V —80 Simplify: V —45 
Solution ae Your solution 
V—-80 =iV80 =iV 16:5 =4iV5 
LExample2 __ ‘You Try It 2 
Simplify: V25 + V—40 Simplify: V98 — V—60 
Solution Your solution 
V25 + V—40 = V25 + iV40 
= V25+iV4-10 
=5 + 2iV10 


Solutions on p. S28 


Be 7S tle | 
SEH 
TUTOR WEB SSM 





To add or subtract complex numbers 













Addition and Subtraction of Complex Numbers 


To add two complex numbers, add the real parts and add the imaginary parts. To subtract 
two complex numbers, subtract the real parts and subtract the imaginary parts. 


(a+ bi) + (c+ di) =(a+c)+ (b+ d)i 
(a bi) tet dt) (a rey (b= ai 


Subtract: (3 — 7i) — (4 — 2i) 


BA iin 4 = 204 Cea CG 2a ¢ Subtract the real parts and 
subtract the imaginary parts 


of the complex numbers. 
= Se 
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ea » Add: (3 + V—-12) + (7 — V—27) 
(BN —12) + (7 — 527) 


=(3'+1V 12) + (7 — iV27) e Write each complex number in the form 
a+ bi. 
= (3 +iV4-3)+(7 -iv9- 3) ¢ Use the Product Property of Radicals to 


simplify each radical. 
= (3 + 2iV3) + (7 - 3iV3) 


= 10 -iV3 ¢ Add the complex numbers. 

emer Seal OU OE Ls BS Nasal, 
Briers snenennetecceaetettecenetacenrscsetecseessesescseeseusdesteesseessens Bete Mann nRpriobe ep -nespncensnsptuenaniscanenpshannpeomseeomanrere pete 
= Example 3 = You Try It 3 

Add: (3 + 27) + (6 — 5i) Subtract: (—4 + 27) — (6 — 87) 

Solution Your solution 

(e276) Si) = 9 — 3 
: Ba steal else sete tel lelslaletanicas sluiaic a duisle'sldicls’arstslala'viaie's siete Wanguisiew's sidebars dees’ > see aisle date slay cttoictessip's's's vielsia'staidslais's slatclale v olds stoioalstasigyioetee eee deeaectectac aes 
“Example 4 “You Try It 4 

Subtract) (9 —1V=8) — (5 + —32) Subtract: (16 — V—45) — (3 + V—20) 

Solution Your solution 


N @—-8) - (5+ V=32) 
— iV8) — (5 + iV'32) 
= (9 —iV4-2)—(5 +iV16-2) 
= (9 — 2iV/2) — (5 + 4iV2) 


=4- 6iV2 
a wes lee cs alc ace pM cr dh Send cn diss csaaa va sdide eicaveidsudys vos snandeeeqanaddlexeesapadaiatosteen 
SExample 5 You Try It 5 
Add: (6 + 4i) + (—6 — 41%) Add:(3 — 27) = (—3 +23) 
Solution Your solution 


(6 + 41) + (-6 — 44) =0+ 0i = 0 
This illustrates that the additive inverse 


Gace Is —G — Dit. 
Solutions on p. S28 


IM, xe 
TUTOR WEB SSM 


When multiplying complex numbers, we often find that 7? is a part of the prod- 
uct. Recall that i* = —1. 





To multiply complex numbers 





*» Multiply: 2é - 34 


2i - 3i = 6i? © Multiply the imaginary numbers. 
= 6(— 1) ® Replace i? by —1. 
= —6 © Simplify. 


520 


yprtooccncicsececacerow 


i 


| TAKE NOTE i 


_ This example illustrates i 
| an important point. i 
_ When working with an 


| 
! 
| 


_ the number as the : 
_ product of a real number | 


_ expression that has a i 
| square root of a negative © 


number, always rewrite 


4 


_ and i before continuing. 


g : 
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=> Multiply: V—6 - V—24 
V6: V=24 =iV6-iV 24 


e Write each radical as the product of a 
real number and i. 


=1-V 144 ¢ Multiply the imaginary numbers. 
=P V144 © Replace /? by —1. 
= —12 © Simplify the radical expression. 


Note from the last example that it would have been incorrect to multiply the rad- 
icands of the two radical expressions. To illustrate,  .-\ 


V6 -V=24 = V(—6)(—24) = V 144 12) 0k —12 





"> Multiply: 47(3 — 27) 


4i(3 — 21) = 121 — 87? © Use the Distributive Property to remove 


parentheses. 
= 121 — 8(—1) © Replace i? by —1. 
= 8+ 121 © Write the answer in the form a + bi. 


The product of two complex numbers is defined as follows. 


The Product of Two Complex Numbers 


(a+ bi\(c + di) = (ac — bd) + (ad + be)i 





One way to remember this rule is to use the FOIL method. 
= Multiply: (2 + 47)(3 — 52) 


(2° 41)(3 = 51) = 6 — 1014 123 = 207 ¢ Use the FOIL method to find 


the product. 


= 614° 21 201 . 
=6 + 2i — 20(-1) © Replace i? by —1. 
= 26 + 2i 


© Write the answer in the form 
at bi. 


The conjugate of a + bi isa — bi. 
The product of conjugates, (a + bi)(a — bi), is the real number a2 + b?. 


(a + bi)(a —.bi) = a2 — 5272 
= az = b?(—1) 
= 24 pe 


=" 
‘ 


- =» Multiply: (2 + 37)(2 — 32) 


(2 + 3i)(2 — 3i) = 22 + 32 
4+9 
13 


© The product of conjugates is a? + b2, 


lI 


Note that the product of a complex number and its conjugate is a real number. 
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TSS EEE = 0921081 © eles Wit's\6\)0\0(e\95iv\6/a\ni0\0 le aelp a.0\e 0 010 eie.aib.e sie 6.cle 6 eltie ce taieisieaecivececee 


Exaronté 6 


Multiply: (27)(—5i) 


Solution 
(21)(—51) = —10i2 = (—10)(—1) = 10 


COCO TOMO C OTHER E OEE E DEC e ES EEE ODO CE ED ERE DEDEDE EE ESE EE OEE eee eeeeeeeseCeS 


Example 7 
Multiply: V—10 - \V/—5 
Solution 
V0. G Nes = iV10 . iV5 
= i250 = -V25-2 = —5V2 
Example 8 Pee eoersrereeceeecconse 
Multiply: 3i(2 — 42) 
Solution: 
= 12 +62 

Example 9 r. Re: 
Multiply: V/—3(V6 ~ V2) 
Solution 7 
V=8(V6 — V—2) = iV8(V6 - iV2) 

= iV48 — i2\/16 

SIV AGPS Ms (41) 16 
Example 10 


Multiply: (3 — 47)(2 + 5z) 
Solution 
Sear 2 St = 6. 151 — 81 — 2077 
= 6+ 7i — 2072 
= 6+ 7i — 20(—1) = 26 + 7i 


COPS e eee HSE SESE OHHH ESSE SSSSTEHESSSESSSEHHO OSS SHOFOSESSS ESSE SO SE SEES SOS OS 


Example 11 
Multiply: (4 + 5i)(4 — 57) 


Solution 
(4 + 51)(4 — 51) = 44 + 52 = 16 + 25 = 41 


PO e reece eee eee SHE SO ETS SHSEESESEEH EEE SEES SOSHSESESHEESH SHES SOSOSH HOH OH OH OOD 


noah 12 
Multiply: (= a 


Solution 


Vlas y; cha eae) Beas gee 
|— — — = — — —1,+—-—1-=—1 
(3 i xi)(I 3i (euro: © 10° 10 
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POH OH EHS H SHEE THO EE TEES SESS ESOS EEOEES EH ES EEE EEE DEES ESOS EES 


| You Try It 6 
Multiply: (—3i)(—107) 


Your solution 


POO e OHH EEE TSH E HEHEHE ESE E HEHEHE HEE EEE EH ESTED EES ESOS E EE ES EHH S EOE EH EEE ESE SEE EEEES 


Rou Try It 7 


Multiply: -V—8 - V—5 


Your solution 


PHOS POSE OOOH ESE E HEH ED EE OO DEH OS EETOO HES TESTE EES EE EO EESESES EEO EEEEDEESES ESE ES ESEES 


“You Try It 8 
Multiply: —67(3 + 47) 


Your solution 


COO Oo POOH SOSH OH CHORE OHHH OEE EOE EEEEEES OE SEOEH TESTE EE DEHESHSESOSES ESE SD SOSH OTHE EE EOED 


iy 
© You Try It 9 
Multiply: V—3(V/27 — V—6) 


Your solution 





am oti Rea tegeivet ots Meee, ee 


You Try It 10 
Multiply: (4 — 3i)(2 — 1) 


Your solution 


OOO e POCO HOES ETE H ESSE ESSE SESES ESTES EO EES ES SES EOE SO EHS ESSESESSESESSSSESSES OSS ESES 


You Try It 11 
Multiply: (3 + 6i)(3 — 6%) 


Your solution 


Pp weer eee reece eee sere s eres sere e EOE SOE HHS EEESESESHS SESE OS EHEEETESOOOOESHSESEEOSS 


Solutions on pp. S28-S29 
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To divide complex numbers 





A rational expression containing one or more complex numbers is in simplest 
form when no imaginary number remains in the denominator. 












































~» Simplify: z x 
ieee Dye tt oh) 1 
2 ee 
_ 2-3? 
TP OF 
_ 21 - 3(-1) 
ee (ek) 
oe 
a9) 
ae 
See 
Simplify: = _ 
342i 34+2i 1-i 
ip, aie as 
_ 3-31 + 21 — 2? 
Se SRT 
Se 
Se 
Pie es 
dere AR 
/ Example 13 
Simplify: 2 
Solution 
Sreat 5 4t a Siar? 
3i Se eis 
_Sit4(-1) -44+5i 4 = 5 
aAs(— 1 ia e oe eae oe 
: Example 14 
Simplify: ; a! 
ae 2 
Solution 
Sime OL ee hee 
LE SBY HiT Tay: 
20 = NOE = 1276 
AS ae 2 gees 
_ 20 = 223 + 6(-1) 
A 20 
TA 9227 a 4D Oe wl 
050, 60 ae 


i 
e Multiply the expression by 7 
e Replace i? by —1. 
e Simplify. 


e Write the answer in the form a + bi. 


¢ Multiply the numerator and denominator by 
the conjugate of 1 + i. 


e Int+i,a=1and b=1. 
at b= 24+ 22 
¢ Replace i? by —1 and simplify. 


© Write the answer in the form a + bi. 


OPPO TPC Cee ero ee OS ee DEO rE TEED EEO OSES ESET ESE EEOC ESE S EE eEE OEE E sees eEeSeeeeeeoes 


= You Try It 13 


eee 
4i 





Simplify: 


Your solution 


Fo Sco cceesie sec secesceroccccesdeeecsvecdcnevcsceé sive ceiccbsyeusos gas vousise«ensuivae 


“You Try It 14 


2p BY 


Simplify: 5—; 





Your solution 


Solutions on p. S29 
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9.3 Exercises 


Objective A 







also real numbers? 


Simplify. 
a8 V4 AN = 64 
7. eV Bly, SV 75 


ffm 1? = 4/—18 12) 60 —V/—=48 


Objective B 
Add or subtract. 


15. (0 + 42) + (6 — 53) 


Die 2-41) — (6 — 8i) 


4989 (8 3 —4) — (2 + V=16) 


Dee e750) (7 = V =8) 


Oa, 078 + V —18) + (V32 —V—72) 


Objective C 


Multiply. 


25. (7i)(—9%i) 26. 
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1. What is an imaginary number? What is a complex number? 


aN 2. Are all real numbers also complex numbers? Are all complex numbers 


5. V-98 (ee a) 
9s \Ate+ V4 10. V25 + V_9 


13. 160 —V—147 14. V96 = 9/2125 

16. (6 — 9i) + (4 + 2i) 

(ie (Se 

20° 2G=— V2 25)= 11 — v 36) 

225i Vet) — 0 1/108) 

24. (V40 — V—98) — (V90 + V—32) 
(—6i)(—41) 274 VEIN =8 
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28. V—5V—45 99.2 W/=3/ =6 30. *V S510 
31. 2i(6 + 23) 32 src 3i(Aden 51) 33. Wee 2S VED) 
34. V—3(V12 — V-6) 35. (5 — 21)(3 +i) 36. (2 — 41)(2 —i) 
sani HAG ike 
37. (6 + 5i)(3 + 2i) 38. (4 — 7i)(2 + 3i) ce Gl = a5 + 3) 
Aiea ik 6p Sea aie een 2, *) 
40. (2 — zit =F 3] 41. E =F 3i)(5 = 3) 42. (2 a(2 Ar 5! 



































Simplify. 
3 4 23 16 + 5i 
soe —— 45. 46. ———— 
ty i fe Si =A; —3i 
4 6 D 5 
3 ’ : 50. : 
nil ney ae 5 4+2i ae 2-4 ie 
(b= a 227 V/=10 We 
51. : 50 Sy = SS Gh eS 
a1 Sti V8 —-V-2 | V12-V-8 
Di 34 5 5 + 37 lo 
55. 56. 57. ‘ 
3+1 1-1 3-1 a 21+ 3 


APPLYING THE CONCEPTS 


59. a. Is 3ia solution of 2x2 + 18 = 0? , 
b. Is 3 +a solution of x2 — 6x + 10 = 0? 


60. Evaluate i” for nm = 0, 1, 2, 3, 4,5, 6, and 7. Make a conjecture about the 
value of i” for any natural number, Using your conjecture, evaluate i76, 
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Objective A 
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Equations Containing 
Radical Expression 


iW he 
To solve a radical equation od Ge 
WEB SSM 
An equation that contains a variable W2x —5+x=7 Radical 


expression in a radicand is a radical Vx +1—Vx = 4 | Equations 
equation. 





The following property is used to solve a radical equation. 


The Property of Raising Each Side of an Equation to a Power 


If two numbers are equal, then the same powers of the numbers are equal. 


If a= b, then a" = b". 





=> Solve: Vx —-2-6=0 


Vx-2-6=0 
Vx —2=6 e Isolate the radical by adding 6 to each side of the equation. 
(Vx — 2) = 6 © Square each side of the equation. 
x — 2 =36 e Simplify and solve for x. 
x = 38 
Check: Vz =2-6=0 


W538.) "6 






36 = 6.0 
Cron 10 
0=0 


38 checks as a solution. The solution is 38. 


= Solve: Wx +2 = —3 


Vn DS 
(v ee) ) ea) © Cube each side of the equation. 
Ly 221 e Solve the resulting equation. 
x= —29 

Check: Vee 3 

W-29+2 | -3 

W727 | -3 

—3=-3 


—29 checks as a solution. The solution is —29. 
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Raising each side of an equation to an even power may result in an equation 
that has a solution that is not a solution of the original equation. This is called 
an extraneous solution. Here is an example: 


Solve: V2x — 1+ Vx =2 


V2x—-14+ Vx =2 
V2x —-1=2-Vx © Solve for one of the radical expressions. 
TAKE NOTE. (V2x — 1)? = (2 — Vx)? e Square each side. Recall that 


S20 RECON NTISE 





Pa AV a 
Poche! 2x -1=4-4Va+x rt ne 
| (2- Vx)? = S enies oe en 
| (2- Vx\(2 - Vx) Meee AVx 
| =4-4Vetx (x — 5) = (-4Vx) © Square each side. 
ee x2 — 10x + 25 = 16x 
TAKE NOTE jie = howe 2 45) = [0 © Solve the quadratic equation by factoring. 
You must always check (6= 25) = 1) = 
the proposed solutions to | x=25 or x=] 
radical equations. The 
proposed solutions of the — Check: Veta Ne V2x—-1+ Vx =2 
equation on the right 
| were 1 and 25. However, Vv 2(25) mat as We) Pe V2(1) = Ne V1 2 
| 25 did not check as a Wale Sy i 1 SP le 
_ solution. Here 25 is an 12 #2 =?2 


| extraneous solution. 
ao ee, ee 25 does not check as a solution. 1 checks as a solution. The solution is 1. 


SOPH EH SERA O ETE SEHEO ETOH HEHE HEH OEEEE OOS ES EE ESO EOESOOE SED ES OOO SHEE ECBO EE HEHEHE 


| Example 1 


PCOS SC HOE HOSE OTHE HEHEHE ESSE SO ESEHEEEH EEE SE EEESESESESEEE SEES EEE SESE SEES EES 


“You Try It 1 
Solve: V3x —1 = —4 Solve: Vx — 8 = 3 
Solution Your solution 
Wax 21 ==4 Check: 
(V3x — 1 )3 = (—4)3 W3x—1 =-4 
3x — 1 = -64 Yo Si | ea 
3x = —63 SEGAL Weed 
x=-21 —-4=-4 


The solution is —21. 


OP OPC e eer oaerreeeceeeneeeeeeee ser esesereeeeeseeeeseseresesesecoeeeeeeeeceeeeeoelD 


Example 2 


Solve: Vx = 14Vx+44= 


Solution 


Vent Vet4=5 
Vex+4=5-Vx—1 
(Vx +4) =(5 — Vx — 1) 
x+4=25-10Vx—-1+x-1 





Za KX nl 
22 = (Vx — 1)? 
4=x-1 
5=x 


5 checks as a solution. The solution is 5. 


ee ee eee 


You Try It 2 
Solve: Vx — Vx +5 = 1 


eeececeeseresccceseoees 


Your solution 


Solutions on p. S29 
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Objective B To solve application problems 





> Wr 
Sm & 
TUTOR WEB SSM 





A right triangle contains one 90° angle. The side 


Xy 
opposite the 90° angle is called the hypotenuse. The Leg Lote, 
other two sides are called legs. : 


around 600 B.c. 


Example 3 

A ladder 20 ft long is leaning against a 
building. How high on the building will the 
ladder reach when the bottom of the ladder 
is 8 ft from the building? Round to the 
nearest tenth. 





Strategy 

To find the distance, use the Pythagorean 
Theorem. The hypotenuse is the length of 

the ladder. One leg is the distance from the 
bottom of the ladder to the base of the 
building. The distance along the building from 
the ground to the top of the ladder is the 
unknown leg. 


Solution 
eat + b 
202 = 82 + Db? 
400 = 64 + b? 
336 — b2 
(336)! = (b?)12 
V336 =b 
18.3 ~b 


The distance is 18.3 ft. 


Leg 
Point of Interest Pythagoras, a Greek mathematician, discovered 
wn proof of this that the square of the hypotenuse of a right triangle a S 
urs in a Chinese is equal to the sum of the squares of the two legs. 
etic Classic, This is called the Pythagorean Theorem. p 
which was first written c=a +b 


a Try It 3 
Find the diagonal of a rectangle that is 6 cm 
long and 3 cm wide. Round to the nearest 
tenth. 


Your strategy 


Your solution 


Solution on p. S29 
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5 COOP e eee OOH EEE E OEE SESE EEE SELES HEE SOHO HE OH HEHE HES, HOSEH OHH EO SO OHSS OE HOO SSE SEUEEHEHEOSSESH HE OSEHOSESSHSSSSEESEOSEHOSHESHHSEOEEO OY 
Example 4 You Try It 4 
An object is dropped from a high building. How far would a submarine periscope have to 
Find the distance the object has fallen when be above the water for the lookout to locate a 
its speed reaches 96 ft/s. Use the equation ship 5.5 mi away? The equation for the 
v = V 64d, where v is the speed of the object in distance in miles that the lookout can see is 
feet per second and d is the distance in feet. d = V1.5h, where h is the height in feet above 
the surface of the water. Round to the nearest 
hundredth. 
Strategy Your strategy gage tx 


To find the distance the object has fallen, 
replace v in the equation with the given value 
and solve for d. 


Solution Your solution 
v = V64d 

96 = V64d 
(96)? = (V64d) 
9216 = 64d 

144=d 
The object has fallen 144 ft. 
ee FPR Ce ei she ccniets Meike torte Renn aceasta aan Fie piles : 
Find the length of a pendulum that makes one Find the distance required for a car to reach a 
swing in 1.5 s. The equation for the time of one velocity of 88 ft/s when the acceleration is 
swing is given by T = 2a /e, where T is the 22 ft/s°. Use the equalloue= V2as, where v is 
32 the velocity in feet per second, a is the 


time in seconds and L is the length in feet. acceleration, and s is the distance in feet. 
Round to the nearest hundredth. 


Strategy Your strategy 
To find the length of the pendulum, replace T 
in the equation with the given value and solve 


for £, 
Solution Your solution 
L 
i == 
tENEY, 
Ih 
LS = 2 — 
NI 3D 
ne, = a © Divid h side by 2 
a eelaS ivide each side by 27. 
1.5 \2 L ; 
Se ® 
In 32 Square each side. iN 
i> 2 
oz Se lem L © Multiply each side by 32. 
Lo2e=_L © Use the key on your 


calculator. 


The length of the pendulum is 1.82 ft. 
Solutions on p. S29 
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25 


Objective A 


10. 


13. 


16. 


19. 


22: 


28. 


31. 


9.4 Exercises 





Vo — 2x = 7 


Cr VS — 1x 


Vii= Ix = —3 


M324 92120 


Wx —34+5=0 


Vee = 8x = 3 
ae OE 3 


11. 


14 


17 


20. 


23: 


26. 


29: 


32. 
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V3x = 12 


V3x-—-2=5 


. V9=-4% =4 


Vax — 1 =2 


Nip? 13 


M/E xs SD 


VAR = 35-15"=.0 


Vx? +7x+11=1 


Vinkie Si 2 = | 


12. 


15. 


18. 


21. 


24. 


Pb 


30. 


53: 


3-7 


a=3 
V5x = 10 
V/2x = —4 
V5x-4=9 
7=V1 — 3x 
W5x+2=3 
Wox+1=4 
Vx -2=4 
W2x—6=4 
Wax +1 =2 


VIG = 5 = 3 


529 
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34. W2x—-34+5=2 35. We—44+7=5 36. V5x—-16+1=4 

37, Vix —-5-2=3 38. V2x-1—8=-5 39. Vix +2-10=-7 
40. W4x—-3-2=3 41. W1-3x4+5=3 42. 1 = Vac FSS 
430 7 V3, +1 =-1 44, Vet 1=2-Vx 45. V2x+4=3-V2x 
46. Vx2+3x—-2-x=1 AT. Vx? — 4x -—14+3 =x 48. Vx? —3x-1=3 

49, Vx? —2x+1=3 50. V2x+5—-V3x—-2=1 51. V4 +1—-V2x+4=1 
cys, VG a Vee 53. V5x+4—-V3x+1=1 54. Wx2+2-3=0 

55. Vx27+4-2=0 56. Wx? + 2x +8-2=0 57, (NGks oooh eID 
58. 4Vx+1—-x=1 59. 3Vx—-2+2=x 60. x+3Vx—2=12 





Objective B Application Problems 


61. ‘Find the width of a rectangle that has a diagonal of 10 ft and a length 


@istss 16 8 ft 
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62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 
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ae the length of a rectangle that has a diagonal of 15 m and a width of 
m. 


A 26-foot ladder is leaning against a building. How far is the bottom 
of the ladder from the building when the ladder reaches a height of 
24 ft on the building? 


A 16-foot ladder is leaning against a building. How high on the building 
will the ladder reach when the bottom of the ladder is 5 ft from the build- 
ing? Round to the nearest tenth. 


An object is dropped from an airplane. Find the distance the object 
has fallen when its speed reaches 400 ft/s. Use the equation v = V 64d, 
where v is the speed of the object and d is the distance. 


An object is dropped from a bridge. Find the distance the object has fallen 
when its speed reaches 100 ft/s. Use the equation v = V64d, where v is 
the speed of the object and d is the distance. 


How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 3.6 mi away? The equation for the distance in 
miles that the lookout can see is d = V1.5h, where h is the height in feet 
above the surface of the water. 


How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 4.2 mi away? The equation for the distance in 
miles that the lookout can see is d = V1.5h, where h is the height in feet 
above the surface of the water. 


Find the length of a pendulum on a clock that makes one swing in 
2.4 s. The equation for the time of one swing of a pendulum is given 

ee 
by T = AS 
feet. Round to the nearest hundredth. 


where T is the time in seconds and L is the length in 


Find the length of a pendulum that makes one swing in 3 s. The equa- 


ae E 
tion for the time of one swing of a pendulum is given by T = NE, 


where T is the time in seconds and L is the length in feet. Round to 
the nearest hundredth. 





531 
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ais 


Ze 


73. 


74. 
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Find the distance required for a car to reach a tte) of 60 m/s 
when the acceleration is 10 m/s*. Use the equation v = V2as, where 
v is the velocity, a is the acceleration, and s is the distance. 


The time it takes for an object to fall a certain distance is given by the 
equation t = , ee where ¢ is the time in seconds, d is the distance in 
§ 


feet, and g is the acceleration due to gravity. The acceleration due to grav- 


ity on Earth is 32 feet per second. If an object is dropped from the top of 


a tall building, how far will it fall in 6 s? 


High definition television (HDTV) gives consumers a wider viewing 
area, more like a film in a theater. A regular television with a 27-inch 
diagonal measurement has a screen 16.2 in. tall. An HDTV screen with 
the same 16.2-inch height would have a diagonal measuring 33 in. How 
many inches wider is the HDTV screen? Round to the nearest hundredth. 


At what height above Earth’s surface would a satellite be in orbit if it 


; : 4x 104 
is traveling at ? =,/] 

raveling at a speed of 7500 m/s? Use the equation v - sae 
where v is the speed of the satellite in meters per second and h is the 


height above Earth’s surface in meters. Round to the nearest thousand. 





APPLYING THE CONCEPTS 


1D. 


76. 


77. 


78. 


19. 


Solve the following equations. Describe the solution by using the follow- 
ing terms: integer, rational number, irrational number, real number, and 
imaginary number. Note that more than one term may be used to describe 
the answer. 


Pe ee ge 6) = i bose = "0 c. x24 = 8 





Solve: V3x — 2 = V2x —-3+ Vx —1 


Solve a2 + b? = c? fora. 


Solve V = sar for r. 


Find the length of the side labeled x in the diagram at the right. 
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A= 1 
B= 2 
C= 3 
D= 4 
E= 5 
F= 6 
G= 7 
H= 8 
Io= 9 
J =10 
K = 11 
L =12 
M = 13 
N = 14 
O =15 
P= 16 
O=17 
R= 18 
S = 19 
T = 20 
U =21 
V = 22 
W = 23 
xX = 24 
Y =25 
Z = 26 
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e Focus on Problem Solving 


Another Look at 
Polya’s Four-Step 


Process 


Polya’s four general steps to follow when attempting to solve a problem are to 
understand the problem, devise a plan, carry out the plan, and review the solu- 
tion. (See the Focus on Problem Solving in the chapter entitled “Factoring.”) 
In the process of devising a plan (Step 2), it may be appropriate to write a 


mathematical expression or an equation. We will illustrate this with the follow- 
ing problem. 


Number the letters of the alphabet in sequence from 1 to 26. (See the list at the 
left.) Find a word for which the product of the numerical values of the letters of 
the word equals 1,000,000. We will agree that a “word” is any sequence of letters 
that contains at least one vowel; it need not be in the dictionary. 


1. Understand the Problem 
Consider REZB. The product of the values of the letters is 18 - 5 - 26 - 2 = 4680. 
This “word” is a sequence of letters with at least one vowel. However, the 
product of the numerical values of the letters is not 1,000,000. Thus this word 
does not solve our problem. 


2. Devise a Plan 

Actually, we should have known that the product of the values of the letters in 
REZB could not equal 1,000,000. The letter R has a factor of 9, and the letter 
Z has a factor of 13. Neither of these two numbers is a factor of 1,000,000. 
Consequently, R and Z cannot be letters in the word we are trying to find. This 
observation leads to an important observation: Each of the letters that make 
up our word must be a factor of 1,000,000. To find these letters, consider the 
prime factorization of 1,000,000. 


1,000,000 = 2°- 5° 


Looking at the prime factorization, we note that only letters that contain 2 or 
5 as factors are possible candidates. These letters are B, D, E, H, J, P, T, and 
Y. One additional point: Because 1 times any number is the number, the let- 
ter A can be part of any word we construct. 


Our task is now to construct a word from these letters such that the product 
is 1,000,000. From the prime factorization above, we must have 2 as a factor 
six times and 5 as a factor six times. 


3. Carry Out the Plan 
We must construct a word with the characteristics described in our plan. 


Here is a possibility: 
THEBEYE 


f 


4. Review Your Solution 
You should multiply the values of all the letters and verify that the product is 
1,000,000. To ensure that you have an understanding of the problem, try to 
find other “words” that satisfy the conditions of the problem. 
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@ Projects and Group Activities 


Distance to the 
Horizon 


In Section 9.4, we used the formula d = V1.5h to calculate the approximate 
distance d (in miles) that a person using a periscope h feet above the water could 
see. That formula is derived by using the Pythagorean Theorem. 


Consider the diagram (not to scale) at 
the right, which shows Earth as a sphere 
and the periscope extending h feet above 
the surface. From geometry, because 
AB is tangent to the circle and OA is a 
radius, triangle AOB is a right triangle. 
Therefore, 


(OA)? + (AB)? = (OB)? 





Substituting into this formula, we have 


h 
© Because / is in feet, —— is in miles. 


2 
3960? + d? = [3960 ah sas) 


5280 5280 
2: 3960 h \2 
DN 7) Poets soem ae pate. Pr 
3960 d 3960 5280 (to) 


3 h \ 
Ee neem 
sh + (=e) 
1 +(e 
2 5280 


At this point, an assumption is made that , Sn an Eel ~ V1.5h, where we 


have written ; as 1.5. Thus d ~ V1.5h is used to approximate the distance 





that can be seen using a periscope h feet above the water. 


aq 1. Write a paragraph that justifies the assumption that 





NED ae (=) ~ Vi5h 
2 5280 


(Suggestion: Evaluate each expression for various values of h. Because /1 is the 
height of a periscope above the water, it is unlikely that i > 25 ft.) 


2. The distance d is the distance from the top of the periscope to A. The distance 


along the surface of the water is given by arc AD. This distance, L, can be 
approximated by the equation : : 


3 
L ~ V1.5h + 0.306186 Lh 
5280 


Using this formula, calculate L when h = 10. 
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Pythagorean Triples The Pythagorean Theorem states that if a and b are 
the legs of a right triangle and c is the length of the a C 
hypotenuse, then c2 = q2 + p?. 


b 


lg eso) 
C=G HD 


For instance, the triangle with legs 3 and 4 and hypotenuse 5 is a right triangle 
because 3? + 42 = 52, The numbers 3, 4, and 5 are called a Pythagorean 
triple because they are natural numbers that satisfy the equation of the 
Pythagorean Theorem. 


1. Determine whether the numbers are a Pythagorean triple. 
a. 5, 7, and 9 b. 8, 15, and 17 
Go 11560, and 61 d. 28, 45, and 53 


Mathematicians have investigated Pythagorean triples and have found formulas 
that will generate these triples. One such formula is 


a=m?—n? b = 2mn c= m?+n?,wherem>n 


For instance, let m = 2 and n = 1. Thena = 2? — 12 = 3, b = 2(2)(1) = 4, and 
c = 2? + |? = 5. This is the Pythagorean triple given above. 


2. Find the Pythagorean triple produced by each of the following. 
alt= sland tao b. m =5 andn = 2 
. c. m=4andn = 2 d. m=6andn=1 


3. Find values of m and n that yield the Pythagorean triple 11, 60, 61. 
4. Verify that a2 + b? = c? when a = m? — n?, b = 2mn, and c = m? + n?. 


©. 5. The early Greek builders used a rope with 12 equally spaced knots to make 
- right-angle corners for buildings. Explain how they used the rope. 





6. Find three odd integers, a, b, c, such that a? + b? = c?. 
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Chapter Summary 


Key Words — The nth root of a is a'". The expression Wa is another symbol for the nth root 
of a. [pp. 497, 499] 


In the expression Wa , the symbol V _ is called a radical sign, n is the index, and 
a is the radicand. [p. 499] 
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x 


The symbol V _ is used to indicate the positive or principal square root of a 
number. [p. 501] 


The expressions a + b anda — b are called conjugates of each other. The product 
of conjugates of the form (a + b)(a — b) is a? — b?. [p. 510] 


The procedure used to remove a radical from the denominator of a radical 
expression is called rationalizing the denominator. |p. 511] 


A complex number is a number of the form a + bi, where a and b are real num- 
bers and i = V-1. For the complex number a + bi,.a is the real part of the 
complex number, and b is the imaginary part of the complex number. [p. 517] 


A radical equation is an equation that contains a variable expression in a 
radicand. [p. 525] 


Rule for Rational Exponents [p. 497 | 


1/n 


If m and n are positive integers and a!” is a real number, then a” = (a!/”y". 


Rule for Writing Exponential Expressions as Radical Expressions [p. 499] 


. 1, 
If a! is a real number, then a”™” = Va". 


The Product Property of Radicals [p. 507] 
If a and b are positive real numbers, then Vab = WawWb. 


The Quotient Property of Radicals [p. 511] 
a _ Wa 
be 


If a and D are positive real numbers, then 4” 


Definition of V—a [p. 517] 

If a is a positive real number, then the principal square root of negative a is the 
imaginary number iVa: V—a = iVa. 

Addition of Complex Numbers [p. 518] 

Ifa + bi andc + di are complex numbers, then 

(a+ bi)+(c+di)=@+t+oe)+b64+ dvi. 

Subtraction of Complex Numbers [p. 518] 

Ifa + biandc + di are complex numbers, then 

(a+ bi) -(¢+ di)=(@-c) +b - ay. 

The Property of Raising Each Side of an Equationto _ 
a Power [p. 525] Paes 


Ifa and b are real numbers and a = b, then a” = br. 


The Pythagorean Theorem [p. 527] hid 


The square of the hypotenuse of a right triangle is equal to the sum of the squares 
of the two legs. 


c2 =a? +h? 


eee ice a eee SS a oF SSO SOS ASSN CAAT CSSSANEASELOCADOCAOESSEOAS TALES LORCCSEDESHS ATES EER TEROSUNCER SEEPS ARO CEDSCOCDSE ROSCA DRDO DOD eOED ED ECS Bean De 
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11. 


13. 


15. 


i7: 


e Chapter Review 


Simplify: (16x~4y!?)'/4(100x6y-2)12 
Multiply: (6 — 5i)(4 + 31) 


Multiply: (V3 + 8)(V3 — 2) 


Poe) 
Simplify: ey 


Simplify: V—8a°b” 


EGET 2 


so 
ES ane 
Simplify: V18a3b° 


Subtract: 3xW54x8y!0 — 2x2yW16x5y7 


Multiply: i(3 — 77) 


10. 


12: 


14. 


18. 
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Chapter Review 


Solve: V/3x — 5 = 2 
Rewrite Ty Wx? as an exponential expression. 
Solve: V4x + 9+ 10 = 11 


Simplify: ae 
y 


Subtract: V50a4b3 — abV18a2b 


Sees! 
31 





Simplify: 


Subtract: (V50 + Wy ey SW ee = A/ = 8) 


Multiply: W16x4y Vv Axy? 


Rewrite 3x34 as a radical expression. 
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19. 


ZAG 


23. 


25. 


Bis 


28. 


29. 


30. 
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Simplify: V—64a%b”2 20. Simplify: = 

Multiply: V—12V—6 22. Solve: Vx —5+Vx+6=11 
Simplify: W81a®b? 24. Simplify: V—50 fe 
Subtract: (—8 + 31) — (4 — 71) 26. Simplify: (5 — V6) 





Simplify: 44¢V12x2y + V3x4y — x2V/27y 


The velocity of the wind determines the amount of power generated bya 
windmill. A typical equation for this relationship is v = 4.05VP, where 
v is the velocity in miles per hour and P is the power in watts. Find the 
amount of power generated by a 20-mph wind. Round to the nearest whole 
number. 


Find the distance required for a car to reach a velocity of 88 ft/s when the 
acceleration is 16 ft/s*. Use the equation v = V2as, where v is the velocity 
in feet per second, a is the acceleration, and s is the distance in feet. 


A 12-foot ladder is leaning against a building. How far from the building is 
the bottom of the ladder when the top of the ladder touches the building 
10 ft above the ground? Round to the nearest hundredth. 
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ite 
3. 
=F 
7. 
9. 
11. 
13: 


e Chapter Test 


3 


pet 4 
Write 5 Vx3 as an exponential expression. 


Write 3y?° as a radical expression. 


Simplify: (2Vx + Vy) 


Solve: Vx + 12 — Vx =2 


Multiply: V3x(Vx — V25x) 


Simplify: V 32x*y’ 


[Wake UGA eth Pagel Aan, 


10. 


12. 


14. 
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Subtract: W54x7y3 — xV/128x4y3 — x2W/ 2x3 


Multiply: (2 + 5i)(4 — 21) 


2/34, SL 


Simplify: este 


Simplify: W/8x3y° 


Subtract: (5: — 21) = (8 — 41) 


Multiply: (2V3 + 4)(3V3 — 1) 


A= 2\/5 


Simplify: ————= 
as 25 
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15. Add: V18a3 + aV50a 


(2x 1/3,, ease 


17. Simplify: Gets 


2% 31 
Li 





19. Simplify: 


4\-3/2 
21. Simplify: ea 


V 32x°9 


23. Simplify: 
V 2a 





16. Multiply: (Va — 3Vb)(2Va + 5Vb) 


18. Simplify: 


20. “Solve Von =? £420 


22. Simplify: W27a4b3c’ 


24. Multiply: (V—8)(V—2) 


25. An object is dropped from a high building. Find the distance the object has 
fallen when its speed reaches 192 ft/s. Use the equation v = V64d, where v 
is the speed of the object in feet per second and d is the distance in feet. 
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oe Cumulative Review 


1.-Simplify: 23 - 3 — 4(3 — 4-5) 


3. Simplify: —3(4x* — 1) — 2(1 — x) 


5.. Solve: 2[4 — 2(3 — 2x)] = 4(1 — x) 


Po meoolve: 24 '/4°— 37) = 5 


9. Find the area of the triangle shown in the 
figure below. 


18 cm 20 cm 


-——25 em ———+| 


11. Graph 3x — 2y = —6. State the slope and 
y-intercept. 





13. Find the equation of the line that passes 
through the points (2, 3) and (—1, 2). 


15. Simplify: (2-4 9Q-y~-) 


10. 


12. 


14. 


16. 
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Evaluate 4a2b — a3 when a = —2 and b = 3. 


Solve: 5 — = eh 


Solve: 6% — 320% 2) 93 372) 
Solve: |2x + 3| = 9 


Find the value of the determinant: 


1 Vie ae) 
Oneal 2 
8) a 


Graph the solution set of 3x + 2y = 4. 





Solve by using Cramer's Rule: 
2x -y=4 
2k ye 


Factor: 81%2\— +2 
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Rac 
17. (Pactou “2x oe 18. Solve P = ; for C. 
-— 213, 1/2\6 pest’ 
19. Simplify: I) 20. Subtract: V40x3 — xV90x 
y 
Itiply: (V3 — 2)(V3 — 5) 22. Simplify z 
. tiply: = a « Sipe = === ee 
21. Multiply: ( ( an ee 
23. Simplify: = 24. Solve: V3x—4+5=1 
=) 
25. The two triangles are similar triangles. b pia 
Find the length of side DE. oa 
18m 
18m 12m 
A D 


26. An investment of $2500 is made at an annual simple interest rate of 7.2%. 
How much additional money must be invested at an annual simple interest 
rate of 8.4% so that the total interest earned is $516? 


27. A sales executive traveled 25 mi by car and then an additional 625 mi by 
plane. The rate of the plane was five times the rate of the car. The total time 
of the trip was 3 h. Find the rate of the plane. 


28. How long does it take light to travel to Earth from the moon when the moon 
is 232,500 mi from Earth? Light travels 1.86 X 105 mi/s. 








29. The graph shows the amount invested and the annual 3 @ ee 5000, 400) 
interest earned on the investment. Find the slope of the 5 3 300 
line between the two points shown on the graph. Then = 2 200} 
= 100] 





write a sentence that states the meaning of the slope. eM Sa ee 
1000 2000 3000 4000 5000 


Investment (in dollars) 


Von 
\ 


30. How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 7 mi away? The equation for the distance in miles 


that the lookout can see is d = V1.5h, where h is the height in feet above 
the surface of the water. Round to the nearest tenth of a foot. 
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WW Need help? For on-line student resources, such as section 


a 


g Objectives 


Section 10.1 


A To solve a quadratic equation by factoring 


B_ To write a quadratic equation given its 
solutions 


_C To solve a quadratic equation by taking 
square roots 


Section 10.2 


A To solve a quadratic equation by completing 
the square 


Section 10.3 


A To solve a quadratic equation by using the 


quadratic formula 
Section 10.4 


A To solve an equation that is quadratic 
in form 

B. To solve a radical equation that is reducible 
to a quadratic equation 

C To solve a fractional equation that is 
reducible to a quadratic equation 


Section 10.5 
A To solve application problems 
Section 10.6 


A To solve a nonlinear inequality 


quizzes, visit this textbook’s web site at 


wep college.hmco.com/students. 


ae (iY , I 


aN Tp 





A rainstorm like the one shown here directly affects highway 
driving conditions. How quickly a car is able to stop once the 
brakes are applied is determined by many factors, including 
how wet the road is, the type of pavement, and the speed of 
the car. Some factors, such as the tread on a car's tires, can 
be controlled, and good tread can minimize the adverse 
effects of braking on dangerously wet roads. The braking 
distance of a car can be modeled by quadratic equations 
such as the ones in Exercises 5 and 9 on page 573. 


a 
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Objective A 


TAKE NOTE 
Recall that the steps 
involved in solving a 
quadratic equation by 
factoring are 


1. Write the equation in 
standard form. 

2. Factor. 

3. Use the Principle of 
Zero Products to set 
each factor equal to 0. 

4, Solve each equation. 

5. Check the solutions. 


TAKE NOTE 


When a quadratic 
equation has two 
solutions that are the 
same number, the 
solution is called a 
double root of the 
equation. 3 is a double 
root o1x2 — 6x = —9. 


OSCE NE NSCLC ETN STEN TON TEAL LS IR 
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Solving Quadratic Equations 
by Factoring or by Taking 
Square Roots 


To solve a quadratic equation by factoring 





NW ly 
we v. 


Recall that a quadratic equation is an equation of the form ax? + bx + c = 0, 
where a and b are coefficients, c is a constant, and a ¥ 0. 





Quadratic oe fe coe eae 3) b= = c=2 
equations } ~x* + 4=0, Q=—— lb 0: c=4 
6x? — 5x = 0, a= 6, Di sn 0) 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. Because the degree of the polynomial ax? + bx + c is 2, 
a quadratic equation is also called a second-degree equation. 


As we discussed earlier, quadratic equations sometimes can be solved by using 
the Principle of Zero Products. This method is reviewed here. 


The Principle of Zero Products 


If aand bare real numbers and ab = 0, thena=O0orb=0. 





The Principle of Zero Products states that if the product of two factors is zero, 
then at least one of the factors must be zero. 


=> Solve by factoring: 3x* = 2 — 5x 


OG-a= 2 — 5x 
axe = Sx —-2 = 0 e Write the equation in standard form. 
(350 UN ace 2) =10 e Factor. 
Be P= 0 x+2=0 e Use the Principle of Zero Products to write 
two equations. 
3x = 1 Blah a ® Solve each equation. 
mei 
eas 


] : 1 
5 and —2 check as solutions. The solutions are A and —2. 


=> Solve by factoring: x? — 6x = —9 


athe 6x9 
2 — 64 +9 = 0 e Write the equation in standard form. 
(x — 3)@ — 3) =0 ° Factor. 
x= 3 =0 x-3=0 e Use the Principle of Zero Products. 
~ = 3 s=3 © Solve each equation. 


3 checks as a solution. The solution is 3. 
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ee) 
POOH OCHO EH ETH EE HED EH SES US ESE E EEE E ESOS DEEL ESTEE SE SES TOES OSES EE HES OS EE ES EEOETES PES EEEHOHESE HOOF ESSE SEHSHSEESH USEF OHSEESESESOOS 


Example 1 You Try It 1 
Solve by factoring: 2x(x — 3) =x + 4 Solve by factoring: 2x? = 7x — 3 
Solution Your solution 


2x(x% — 3) Sx. 2 4 
2x? = 6% =a + 4 
2x* — 7x — 4 =0 
(Zeal) G4) 20 
2051 0 x-4=0 


2x =-1 x=4 Rahs 
ze i 
van. 


, i 
The solutions are —5 and 4. 


PPO COCO SEE ODODE THES OTH OETEHEEEEH ESTEE EEE EEEEHODSE ESSE OTST EOE SOT OOOO SIH EO OH OE ETOH ESTHET ESOS OH OOHHUOU SEE HOOESEEEHOEEEOEEES ETOH ESEOOHEEE EEE DESEHS EHC EUEHESESESHSS 


' Example 2 You Try It 2 
Solve for x by factoring: x? — 4ax — 5a? = 0 Solve for x by factoring: x? — 3ax — 4a? = 0 
Solution Your solution 
This is a literal equation. Solve for x in 
terms of a. 


x? — 4ax — 5a? =0 

(Cea) -52)=.0 

xra=0 x —-5a=0 
x=-a x =5a 


The solutions are —a and 5a. 


Solutions on p. S30 





To write a quadratic equation ipso -_ (sy Cex 
given its solutions Ge) DD bis 
t i TUTOR SSM 


As shown below, the solutions of the equation (x — r,)(x — r,) = O are r, and ry. 
Cra 0 


Onesie Neien0 





X=1; ce 


Check (Go 1) 7-00 C= 1) Oe) 0 
(Fila) = 7 ae CO OG— Paleo 

Orr et) AlL 0 (rir) 05100 

= 0 0=0 





Using the equation (x — r,)(x — r,) = 0 and the fact that r, and r, are solutions of 
this equation, it is possible to write a quadratic equation given its solutions. 


Write a quadratic equation that has solutions 4 and —5.~> 


Orsi = Fh) = 0 


me Ale = (=5)] 0 ° Replace r, by 4 and r, by —5. 
(x -—4)@+5)=0 © Simplify. 
A ek SOO) © Multiply. 
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=» Write a quadratic equation with integer coefficients and solutions 2 and . 


Cer or) = 0 


(es 


7 1 
2 
Set ers +—= 
we Ee 3 0 
VE 1 
6|x? -—x+—|=6. 
[x ee | 6-0 


EE POP OS ASA RCOH HHO OOCOOEO STO SEO STOO CE CED E LETH DODO E re ToC Oe eee OO E Se OeeeeeeseesooNt 


= Example 3 


Write a quadratic equation with integer 


coefficients and solutions - and —4. 


3 


2 
e Replace r, by 3 and r, by 
© Multiply. 


¢ Multiply each side of the equation by 
the LCM of the denominators. 


EP PPO OST HSE THOTT OSEH ES OH EES ESEOEE HEH UE SEO ESSE SES ESE EESESESSOSES EH USE ESE SOSES 


© You Try It 3 


Write a quadratic equation with integer 


2 
Solution Your solution 
(c= 7) —7,) = 0 
1 
[ : st — (-4)] = 0 
= 5 + 4)=0 
ry Ass 7 
7 
He a 2=0 
7 
Zar + 5x — 2)=2-0 


2x4 +, 1x,=.4.=:0 





To solve a quadratic equation 
by taking square roots 





ee 


The solution of the quadratic equation x” = 16 is 


shown at the right. 


The solutions can also be found by taking the 
square root of each side of the equation and 
writing the positive and negative square roots 
of the number. The notation x = +4 means 
x=4orx = —4. 


=> Solve by taking square roots: 3x? = 54 


3x? = 54 
x2 = 18 ne 
Vx? = V18 ° 
Ge, So Re 18 = +3V2 e 


The solutions are 3V/2 and ON 2 ° 


oe : 1 
coefficients and solutions 3 and 5 


Solution on p. S30 


AW iy 


> & 
WEB 
x? = 16 
x= 16'=0 
(x — 4)~ + 4) =0 
ict 20 Meat A 20 
x=4 x= -4 
x2 = 16 
Vx? = V16 


Se 4 


The solutions are 4 and — 


Solve for x?. 

Take the square root of each side of the 
equation. 

Simplify. 

3V2 and —3V/2 check as solutions. 
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Solving a quadratic equation by taking the square root of each side of the equa- 
tion can lead to solutions that are complex numbers. 


“> Solve by taking square roots: 2x2 + 18 = 0 








2x7 + 18 =0 
2x7 = 18 © Solve for x2. 
x? = —-9 
Vx? = V—9 ¢ Take the square root of each side of the equation. 
=+V-9 © Simplify. ora 
= +31 
Check: 2x? -18=0 2x* +18 =0 
202) -— 18. 10 231) = 13-1 0 
2a) F180 0 2(=9)a Tee 0 
134 TS 10 =1S 13.710 
0=0 0=0 


The solutions are 3i and —3i. 


An equation containing the square of a binomial can be solved by taking 
Square roots. 


=> Solve by taking square roots: (x + 2)? — 24 =0 
(+2)? —24=0 


(47 2)2 = 24 © Solve for (x + 2)2. 

Ve) V24 ¢ Take the square root of each 
x+2=+4+V24 side of the equation. Then simplify. 
x+2=+2V6 

ited = 2/6 x+2=-2V6 * Solve for x. 
= 0 26 x= -2-2V6 


The solutions are —2 + 2V6 and —2 — 2/6. 


ME; no 2A SRR ee evn a's 0 0/0'e'sis'eeeeuacevnadslsusns ewamiecaiene-e aeiteteca nae taceieee 


s Eexarnthis 4 i ‘You Try It 4 


Solve by taking square roots: Solve by taking square roots: 
Sa 2) 10 2x + 1)? -24=0 
Solution Your solution 
3@"— 2)? + 127=0 
3a 2)2 =" 12 
(x —2)? = -4 
Ge DP ayna | 
x 2=2V—-4 ve 
ke De Di 
ee 2= 2 REL ee 2h 
Ka 2 eb ei ee 
The solutions are 2 + 27 and 2 — 2j. 


Solution on p. $30 
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10.1 Exercises 


Objective A 


Explain why the restriction a # 0 is necessary in the definition of a quad- 
ratic equation. 


What does the Principle of Zero Products state? How is it used to solve a 
quadratic equation? 


Write the quadratic equation in standard form with the coefficient of x? posi- 
tive. Give the values of a, b, and c. 


3. 


2x? —4x =5 4. x*=3x+1 5.-5x = 4x7 + 6 6. 3x7=7 


Solve by factoring. 


Ts 


10. 


U3. 


16. 


19. 


pad 


nD. 


28. 


31. 


x? -— 4x =0 8. y2 + 6y = 0 OF 23110 

p> —- 81 =0 {12 s7=s— 6 =0 12. v+4v—-5=0 
V7 —6y +9 = 0 14, x? + 10x 425 = 0 15) 977 182 =0 
Ay? = 20y = 0 17. r2— 3r=10 18. p2+5p =6 

v? + 10=7v 20. @ = 16 = 157 Di 2h Oa 
ay — ay — 4 = 0 25a Oe aa 24.7 255 — Os, ae 
3w2 + llw =4 26. 272 +r=6 Dee Of == 34 LS 
Orie 2 299A loi 4a 30. 3 — 2y — 8 = 

x + 18 = x(x%.= 6) SOR fee 2487 6) | 33. 4s(s + 3) =s —6 
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34. 3v(v — 2) = 11v + 6 





36. (3v = 2)Qv + 1) = 372 = Ip 















Solve for x by factoring. 


38. x2 + 14ax + 48a2=0 


41. x* — 6cx — 7c2 = 0 


Baie 3K 4x4 C= 0) 


47. 3x? — 8ax — 3a2=0 


50. 6x? — lilcx + 3c2 =0 


Objective B 





solutions the given pair of numbers. 


25.002 -and:5 


563" —1 and —3 


59. 3 and —3 


62. 2and2 


10 


39. 


42. 


45. 


48. 


51. 


35. w= 20 4 = Cn 3G) 


37. (3x — 4)@ + 4) = x? — 3x — 28 


\ ‘ 


x? — 9bx + 1452 = 0 40. x* + Ixy — 36y? = 0 
an — 2042 = 43. 242 3b¥- p20 
3x* — V4dax + 8a2 = 46. 3x? — l1xy + 6y2 =0 
3x? — 4bx — 4b2 = 0 49. 4x? + 8xy + 3y? = 
6x? + 1lax + 4a? = 52. 12x? — Sxy — 2y2= 0 


Write a quadratic equation that has integer coefficients and has as 


54. 3 and 1 55. —2 and —4 
57. 6 and —1 58, —2 and 5 
60. 5 and —5 61. 4 and4 
63. Oand5 64. 0 and —2 
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86. 


89. 


92; 


95. 


4x? — 81 =0 


z#+ 16=0 


a Thy A 
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66. Oand —1 


69. 


Tae 


ade 


78. 


81. 


84. 


87. 


90. 


Sas 


96. 


4 and 2 
-§ and —1 
5 and> 

3 


3 
, and 5 


3 
5 and ci 


Sa = 0 


Ox? — 16 = 0 


40 


uz —54=0 


67. 


70. 


EY. 


76. 


79. 


82. 


85. 


88. 


ot 


94. 


OT: 


3 and 5 
Sand 5 
—+ and 5 
= and = 
—+ and -5 
7 and -3 
7 ee 

r? — 36 = 0 
y? + 49 =0 
$7 3250 
Zz +18 = 0 
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98. 2+27=0 99. (x — 1)? = 36 100. (x + 2)? = 25 
LO 12 (yen 3) = 27 102. 4(s — 2)? = 36 103. 5@ +2)? = 125 
1/2 1 ew ee 
104. 2(y = 3)* = 18 105. [y-3 iri 106. ee ee 
107. (x +5)?-6=0 108. (¢— 1)?- 15=0 
109. (v— 3)? + 45=0 110. (x +5)? + 32=0 
=) 2 1)" _ 29 0 
111. fu 3) 18 —.0 112. [<->] -20= 


APPLYING THE CONCEPTS 
Write a quadratic equation that has as solutions the given pair of numbers. 


113. V2and —-V2 114. 2i and —2; 115. 3V2 and -3V2 116. 2iV3 and —2iV3 


Solve for x. 


117. 4a’x* = 36b2,a>0,b>0 118. («+a)?-—4=0 1195 Qe = 1) (04 a) 





,120. Show that the solutions of the equation ax? + bx =0,a>0,b> 0, 


are 0 and 2 


@® 121. Show that the solutions of the equation ax2 + c = O22 0c = (0 
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Solving Quadratic Equations by 
Completing the Square 


Objective A To solve a quadratic equation — viro 2 Wd 
; . cD” sy 
TUTOR WEB SSM 


by completing the square G 








Recall that a perfect- 
square trinomial is 
the square of a 
binomial. 





For each perfect-square trinomial, the 


1 2: 
ne + 8x + 16; [5-8] a6 


square of : of the coefficient of x equals - 
1 2 
_ the constant term. x2 — 10x + 25, Fc-10) = 25 
1 - 2 1 fe Pe 
5 coefficient of x| = constant term x2 + 2ax + a’, § : 22] =a 


This relationship can be used to write the constant term for a perfect-square tri- 
ts nomial. Adding to a binomial the constant term that makes it a perfect-square 
uations were trinomial is called completing the square. 





n mathematician 


al-Khowarizmi (c. A.D. 800) => Complete the square on x? + 12x. Write the resulting perfect-square trino- 
essentially completed a square mial as the square of a binomial. 
of x? + 12x as follows. 
6x 1 2 ’ 
[a2] = (6)* = 36 e Find the constant term. 
Le LOX AO ¢ Complete the square on x? + 12x by adding the 
constant term. 
6x x2 + 12x + 36 = (x + 6)? ¢ Write the resulting perfect-square trinomial as the 


square of a binomial. 





=> Complete the square on z? — 3z. Write the resulting perfect-square trinomial 
as the square of a binomial. 


1 2 Bin) : 
sagt (as, 69 Mister Washoe Walia e Find the constant term. 
2 2 + 
Zz = 3z+ Ze © Complete the square on 2? — 3z by adding the 
ss constant term. 
2 9 chi Ape 
Zo Ble a aie 5 © Write the resulting perfect-square trinomial as 


jhe square of a binomial. 


Any quadratic equation can be solved by completing the square. Add to each side 
of the equation the term that completes the square. Rewrite the equation in the 
form (x + a)? = b. Then take the square root of each side of the equation. 
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| TAKE NOTE 
_ The exact solutions 

of the equation 

| x? — 6x — 15 = Oare 

| 3+ 2V6 and 3 - 2V6. 
| 7.899 and —1.899 are 


| approximate solutions of 


_ the equation. 


"> Solve by completing the square: x2 — 6x — 15 = 0 
= Ogee el een) 
x? = 642215 
de? S6e es) 5 


¢ Add 15 to each side of the equation. 
¢ Complete the square. Add 


2 
5-8) = (—3)*= 9 to each side of 
the equation. 








(x — 3)? = 24 * Factor the perfect-square trinomial. 
V(x — 3)? = V24 ¢ Take the square root of each side of the 
equation. 
x— 3= 2/24 © Solve for x. 
Be ech LVAVS 
Ls 11/6 x-—3 = -2V6 
Ka 3 26 x= 3= 2V6 
Check: ce 6x 5a 





(3 + 2V6)? — 6(3 + 2V6) — 15 | 0 
OS 2\/ 6112418 = 19176 1S ae 
0=0 


x? — 6x —-15=0 

(3 — 2V6)? — 6(3 — 2V6) - 15 0 

9 = 12V6n24 —s1 Bu tal Noll Seto 
0=0 


The solutions are 3 + 2\/6 and 3 = 2V 6. 


In the example above, the solutions of the equation x? — 6x —15=0 are 
226 and 3 —21/6. These are the exact solutions. However, in some situa- 
tions it may be preferable to have decimal approximations ofsthe solutions to a 
quadratic equation. Approximate solutions can be found by using a calculator 
and then rounding to the desired degree of accuracy. — 


3+2V6~7.899 and 3-—2V6 = —1.899 
To the nearest thousandth, the solutions of the equation x? — 6x — 15 = 0 are 


7.899 and —1.899, 


Bole 2) ar = 2 — iby completing the square. Find the exact solutions and 
approximate the solutions to the nearest thousandth. 


In order for us to complete the square on an expression, the coefficient of the 
Squared term must be 1. After adding the opposite ‘6f. the constant term to 


each side of the equation, multiply each side of the equation by 7 


2x*-x-2=0 
2h = a 


1 1 
Oa wa mae 


¢ Add 2 to each side of the equation. 


¢ Multiply each side of the equation by : 
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[TAKE NOTE. 

| This example He es 
' all the steps required to 
solve a quadratic 
equation by completing 
the square. 


Reyes BS | 


etn MAC IRONY 


1. Write the equation 

in the form, | 
i ax” + bx = =e. Syd | 
i Multiply both sides of | 
i the equation by , | 


_ 8. Complete the square 


on x? + > x, Addthe | 


number that com- : 
pletes the square to 


both sides of the j 





equation. | 
_ 4. Factor the perfect- 
| square trinomial. 


: 5. Take the square root 


of each side of the 
equation. 


6. Solve the resulting i 


i equation for x. : 
_ 7. Check the solutions. 


Sissies lnpsicicblienincuareassionamoararenaledadansollsss00000 





equations were a result of 
trying to solve a geometry 
problem. One of the most 
famous, which dates from 
around 500 B.C., is “squaring 
the circle.” The question was 
“Is it possible to construct a 
square whose area is that of a 
given circle?” For these early 
mathematicians, to construct 
meant to draw with only a 
straightedge and a compass. It 
was approximately 2300 years 
later that mathematicians were 
able to prove that such a 
construction is impossible. 
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ih eal tae 
eA 16 


pon eae 
4” ~ 4 
Pe als. ee 
aes ae 
eet AT. 
ae eA fas 
The exact solutions are eee 
1+V17 = WV 
pia Abeer Ss Lover | —_ 


To the nearest thousandth, the solutions are 1.281 and 


555 


© The coefficient of x2 is now 1. 


¢ Complete the square. Add 


>(-3 | Vat h side of 

5 | =| ry = 7, to eac side o 
the equation. 

e Factor the perfect-square trinomial. 


© Take the square root of each side of the equation. 


e Solve for x. 


Ely 


= OTS 


=O 10 4: 


=> Solve by completing the square: x? — 3x +5 =0 


Peak > 0 





ei 
ae 

& 

| 
ci 
ined 

\| 
ae 
Sa 














e Add the opposite of the constant 
term to each side of the equation. 


¢ Add to each side of the equation 
the term that completes the square 
on x? — 3x. 


e Factor the perfect-square 
trinomial. 


e Take the square root of each side 
of the equation. 








hee : = au © Simplify. 
ot ee ee ae e Solve for x. 
he 2 2 2 
Bye ape evAL 
ol es Dw 
: + a and 2 — wy check as solutions. 
hs 3 11. 
The solutions are ; + we Sy and 5 = SS di 
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| FOO COME OOOO SEES OAEO EEOC OC ESE TCC EE SE EESOSSC ERODES EReRSereEEeseDeseeeneS 


a Example 1 
Solve by completing the square: 
4x == 8x + I= 0) 





Solution 
Ate Sere lsan() 
4x2 — 8x = -1 
1 1 
—(4x? — 8x) = —( -1) e The coefficient of 
4 4 4 
X* must be 1. 
Be a eu 
4 
= 2k 1 = Le aja ¢ Complete the 
square. 
3 
Ghee 
xe-a 1) 4 
V(x —=1)2 = 3 
m2 
V3 V3 
— {|=— x- |= —-— 
2 2 
V3 V3 
= {| +— = 
KE 5 x=1 5 
_2+V3 2S 
2 La 
The solutions are 2 = = aad’ = ee s 
ee Sen eet 
Solve by completing the square: 
AP Ag 5 =") 
Solution 
Rete 50) 
a An = 5 
PAA ir Ast 5 4 ¢ Complete the square. 
(x + 2)? = =1 
Ge Pa aay a 
Ke Se D 2s ss) 
© a ae | begat PX or) 
x=-—-2+i x=-2-i 


The solutions are —2 + ; and —2 — i. 


kK: Try It 1 


Solve by completing the square: 
ax?) (Ag 1 a0) 


Your solution 


Solve by completing the square: 
Vis ee aro enn ial) 


Your solution 


Solutions on p. S30 
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10.2 Exercises 






Objective A 


@, 1. What is the meaning of the phrase complete the square? 


a 2. Write out the steps for solving a quadratic equation by completing the 
square. 


Solve by completing the square. 


Spee Ag — >= 0 4. y7+6y+5=0 5) voy — 9 — 0 
6.2 Ww? — 2w — 24 =0 Loe Co — 0 8. u2+ 10u + 25=0 
9. r*7+ 4r-—7=0 10S 6s 10 116 20 
127 + Sy 513 = 0 13527-2714. =.0 14. 2-—4t+8=0 
152s? — 5s — 24 =0 16. v2 + 7v —- 44=0 17; x22 5x 56-10 
(o207 > 9y-+ 20 —0 19.44p782 3p + 1 = 0 20. 72 Sr 2 — 0 
oie — 10 22 et eee 23. 7 — Cy 

z 24. w?2+ 4w =2 25.0? = 84 = 15 26. 427213 42> 3 

oo 

= 

5 Qi = 4Av.— 13 282 xa 2k — a1 29. p?+ 6p = —-13 

E 

= 

g 30. x2 + 4x = —20 31. yy S17 32. x2 + 10x =7 

2) 

S 
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33. 2=z+4 345 7 = 37 | 35. éPRRSiS 27 

365 6y2 7 3 37.8 4x ae Se 38. 42 —4t+17=0 
OOo 6% + = 0 40. 9y* — 12y + 13 =0 41. 257 =454+5 

42. 3u*=6u+1 43. 2r?=3-r is Bg? 1D 5x, 
45. y—2=(y — 3)y 4 2) 46. 85 — 11 = (s — 4\(s — 2) 

47. 6t — 2 = (2t — 3)(t — 1) 48. 2z7 +9 = (2z + 3)(z +2) 

49. x«-4)(x+1)=x-3 50. (y — 3)2= 2y + 10 


Solve by completing the square. Approximate the solutions to the nearest thousandth. 


aR aS ee SP 0 ie Che a 53. 2x7 = 47 —4 


54, 3y2=5y—-1 55. 422+ 27=1 56. 4w2 — 8w = 3 


APPLYING THE CONCEPTS 
Solve for x by completing the square. 


57. x2 — ax — 2q2 = 58. .x? + 3ax —\4aq2 = 0 59. .x* + 3ax = 10a2 = 0 


60. When a baseball is hit, the height 4, in feet, of the ball above the 
ground f¢ seconds after it is hit can be approximated by the equation 


hi= —16f + 70t + 4. The distance Ss, in feet, that the ball is from home 
plate t seconds after it is hit can be approximated by the equation a 
S = 44.5. 


a. Determine when the ball will hit the ground. Round to the nearest 
hundredth. (Hint: The ball hits the ground when h = 0.) 


b. Determine whether the ball will clear a 6-foot fence 325 ft from home 
plate. 
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LURK: 
cm 


Objective A 





not sath Ane 18th century that 
the formula was written as it is 
today. Of further note, the word 
quadratic has the same Latin 
root as does the word square. 
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Solving Quadratic Equations by 
Using the Quadratic Formula 


To solve a quadratic equation 
by using the quadratic formula 





A general formula known as the quadratic formula can be derived by applying 
the method of completing the square to the standard form of a quadratic equa- 
tion. This formula can be used to solve any quadratic equation. The equation 


ax? - bx c= 


Add the opposite of the constant term 
to each side of the equation. 


Multiply each side of the equation by 
the reciprocal of a, the coefficient of x?. 


Complete the 
lige eae: (DE 
eve ce - to each side of the 
Daa 4ar 


square by adding 





equation. 


Simplify the right side of the equation. 


Factor the perfect-square trinomial on 
the left side of the equation. 


Take the square root of each side of the 
equation. 


b Wb? — 4ac 
Solve forx. x + == 
2a 2a 
Se pe ee 
Dy, 2a 


—b + Vb? = 4ac 


ax? + bx +c + ( 





2a 


The Quadratic Formula 


The solutions of ax? + bx + c=0,a #0, are 
b? — 4ac 


Pe pe tic se, eh 
2a 


2a 


0 is solved by completing the square as follows. 


ax? +bx+c=0 
—c)=0+ (-c) 


ax? + bx = -—c 


“(ax + bx) = = =O) 


; Cc 
chk a 
a a 
b ee ie XE 
oe ph = 


Aq? AAG? a 


b b? b? (<. “| 
tox t—5 =—5-[--— 











a Aq? 4a? a 4a 
2b BP dae 
a Aa Ag eda 
1b, BB hac 
4a? 4a* 
beset at 
2a 4a? 
Vl ai _ = 
x+—] =4,/—>— 
2a 4a? 
b V6? = 4ac 4ac 
xt+—= 
2a 2a 
BN aKa 
2a 2a 
0 Vb? — 4ac 4ac 
ae Con “8 97S 
—b — Vb? — 4ac 





2a 
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—b + Vb? — 4ac 


The quadratic formula is frequently written as x = a 


= Solve by using the quadratic formula: 2x2 + 5x + 3 = 0 




















—b + Vbe— 4ac © The equation 2x’ + 5x + 3 =Oisin 
i 2a standard form. a= 2,b=5,c =3 
~(5) + V6) =40)G) Replace a, 6, and c in the quadratic 
nade Es gk. age at iz formula with these values. 
TAKE NOTE 2(2) 
The solutions of this —5 +V/25 — 24 
_ quadratic equation are SS a ha 
rational numbers. When A 
this happens, the =S2 VV S54 
equation could have = = 
been solved by factoring _ a 4 
and using the Principle sie =A | = 3 
_ of Zero Products. This os =— = —| x= ee 
may be easier than 4 4 4 4 2 
applying the quadratic ‘ 
formula. 


3 
The solutions are —1 and 75" 


™® Solve 3x? = 4x + 6 by using the quadratic formula. Find the exact solutions 
and approximate the solutions to the nearest thousandth. 


























3x* = 4x + 6 ¢ Write the equation in standard form. 
8x2 4 = GeO Subtract 4x and 6 from each side of the 
equation. a= 3, b = —4,c = —6 
5 Ae —b + Vb? — 4ac nates a, b, and c in the quadratic 
2a formula with these values. 
_ =4) + V4)? = 48) 6) 
- 2(3) 
ne V6 72) 
ager ae 
_4*V88 4+2V22 
CP no tei 
E202 \V2)\5 2 oD 
pe gna 
Check: 
3x7 = 4x + 6 3x7 = 4x + 6 
ea) (2a) (2) 
3{| ————— 4| ———] + 6 3| ———— 
3 3 3 
(Aes) 8 Ay 22 18 (Ae 22) 
9 3 3 B 9 
3 4h 22) 26 | AN 2D. 3(78 ~ v2) 
9 3 3 Pine 3 
26+4V22  26+4V22 26-4V22_ 26 -4V/22 
32S ete 3 ‘angaehe 
The solutions are 24 V22 and —s 
2+V22 2 


3 = 2230 meres. —0.897 


To the nearest thousandth, the solutions are 2.230 and —0.897, 
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™» Solve by using the quadratic formula: 4x2 = 8x — 13 








4x? = 8x — 13 
4x? — 8x + 13 =0 © Write the equation in standard form. 
—b + Vb? = 4ac 
= fipgles Woy e Use the quadratic formula. 
Beste i 8)' = 4A 13 a=4,b=-8,0=13 
2:4 
ee 209 8 Vis 
8 is 8 
cere ot 
8 Z 


, 3. 
The solutions are 1 + at and 1 — 21 


Of the three preceding examples, the first two had real number solutions; the last 
one had complex number solutions. 


In the quadratic formula, the quantity b? — 4ac is called the discriminant. When 
a, b, and c are real numbers, the discriminant determines whether a quadratic 
equation will have a double root, two real number solutions that are not equal, 
or two complex number solutions. 


THE EFFECT OF THE DISCRIMINANT ON THE SOLUTIONS OF A 
QUADRATIC EQUATION 

1. If b? — 4ac = 0, the equation has one real number solution, a double root. 
2. If b2 — 4ac > 0, the equation has two unequal real number solutions. 

3. If b2 — 4ac < 0, the equation has two complex number solutions. 


=> Use the discriminant to determine whether x? — 4x — 5 = 0 has one real num- 
ber solution, two real number solutions, or two complex number solutions. 


b? — 4ac e Evaluate the discriminant. 
(—4)? — 4(1)(—5) = 16 + 20 = 36 a=1,b=—-—4,c=—-5 
36>0 


Because b2 — 4ac > 0, the equation has two real number solutions. 


PTTTTTTET ETE ee, 





Example 1 Solve ee using the quadratic You Try It 1 Solve by using the quadratic 
formula: 2x2 —-x +5 =0 formula: x2 — 2x + 10 = 0 
Solution 2x2? -x+5=0 Your solution 
Gai = eS 5 
—b + Vb? — 4ac 
UG ag rr 
—1) + V(-1)? — 42)5) 
a Drea 
Vile Athy “ile V3 
za 4 4 , 
eae ev39 
The solutions are ++ ee ie: and + _ a; ; Solution on p. S31 


4 4 
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SS 


COR OPO OOO EHO OO EEE HEHE HOOD EEOC RESO OEE DOE SECEDE ESOC ee eheSeeseeseusences 


| Example 2 


Solve by using the quadratic formula: 
2h Ak 2 5) 


Solution 
2x? = (x — 2)(x — 3) 
2x? = x2 — 5x +6 
oO = 0 
a@=1,b=5,c = -6 
beets Vb? — 4ac 
2a 

—5 + V5? — 4(1)(-6) 

Dut 
=5+V254+24  -5 +49 























The solutions are 1 and —6. 


CF rie ba de pee cle 22 2S SSP Rie\ Bis)b eee sin 0,e\e/n0s's J a/6v edeiainialce vasialéeiey siaicait cles esieees 


Example 3 

Use the discriminant to determine whether 
4x? —2x + 5 = 0 has one real number solution 
two real number solutions, or two complex 
number solutions. 


’ 


Solution 

G4) b= =2* oS 

b? — 4ac = (—2)2 - 4(4)(5) 
= 4 — 80 
—a—/0 

—16 =) 


Because the discriminant is less than zero, the 
equation has two complex number solutions. 





es Try It 2 
Solve by using the quadratic formula: 
4x? = 4x - 1 


Your solution 


ee 
“You Try It 3 
Use the discriminant to determine whether 
3x? — x — 1 = 0 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


Your solution 


Solutions on p. S31 
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10.3 Exercises 






Objective A 


& 1. Write the quadratic formula. What does each variable in the formula 
represent? 


<<, 2. Write the expression that appears under the radical symbol in the 
quadratic formula. What is this quantity called? What can it be used to 
determine? 


~ 


Solve by using the quadratic formula. 


See = xk — 10 = 0 4. 2-42-8=0 5. yee oy = 301 =0 
6. z2—- 3z-40=0 7. w? = 8w + 72 82? = 23 
9. v2? = 24 —-5v 10. x7 = 18 — 7x Pist2y* 45 0 
12. 4p2?-7p+1=0 13. 85? = 10s +3 14, 127 =5¢+2 
15. x7 = 14x -4 16. «vy? =A 2p 24 2 eee 
18, 6w? = 9w —- 1 19. 2+22+2=0 20. p?-4p +5 =0 
: 
B | 21. y2-2y+5=0 22. x2+6x+13=0 23. st 45 + 13 = 0 
2 
e = ap —~5=0 26. v?+8&+3=0 
& 24. 2-6t+10=0 25. 2w 2w 
= 
= 
2 | 27, 2x2 + 6x +5 =0 DR Dy? dy HB = "0 29. 412 -— 6t +9 =0 
(2) 
: 
5 
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Solve by using the quadratic formula. Approximate the solutions to the 
nearest thousandth. 


30. 


33: 


a Oke OO) A ye yeh So) 


w? + 4w = 1 34. 3 =7t+1 


Use the discriminant to determine whether the quadratic equation has 
one real number solution, two real number solutions, or two complex 
number solutions. 


36. 


39. 


22 f=) S10 


4x? + 20x + 25=0 40. 2v? -—-3v-1=0 


APPLYING THE CONCEPTS 


@ 42. 


Name the three methods of solving a quadratic equation that have been 
discussed. What are the advantages and disadvantages of each? 


For what values of p does the quadratic equation have two real number solu- 
tions that are not equal? Write the answer in set-builder notation. 


43. 


Onan — 0 44. x? + 10x +p =0 


For what values of p does the quadratic equation have two complex number 
solutions? Write the answer in set-builder notation. 


45. 


47. 


48. 


pl 0 46. 2? +464) =0 
Find all values of x that satisfy the equation x? + ix +2 =0. 


Show that the equation x2 + bx — 1 =0 always has real number solutions 
regardless of the value of b. 


Can the quadratic formula be used to solve any quadratic equation? If so, 


explain why. If not, give an example of a quadratic equation that cannot 
be solved by using the quadratic formula. 


One of the steps in the derivation of the quadratic formula is 


b Vb — 4ac b* —4ge : 
x+ a a i (eli = eo Carefully explain the occurrence 





of the + sign. (Hint: Recall that Vx2 = x|.) 


32. 


35. 


38. 


41. 


r?— 2r=4 
2y2 =p 5 
Ox? = 12 


3w2 + 3w - 2 
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cm 


Objective A 





(‘TAKE NOTE | 
_ When each side of an i 


equation is squared, the 
resulting equation may 
have a solution that is 
not a solution of the 
original equation. 


eee | 
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Solving Equations That Are 
Reducible to Quadratic Equations 


LP MW hy 
VIDEO r és 
y) <D ) 


To solve an equation that is quadratic in form & uw Ww 





i). 


Certain equations that are not quadratic can be expressed in quadratic form 
by making suitable substitutions. An equation is quadratic in form if it can be 
written as au? + bu+c=0. 


The equation x* — 4x* —'5 = 0 is quadratic inform. 


xt — 4x7-5=0 
(e*)*— Ax") = 5 ="0 


u2— 4u—5=0 e Letx?=u. 


The equation y — y!? — 6 = 0 is quadratic in form. 


y= Ve — 6") 
(84) == (a) oO. 0 


f= 0A 6 = 0 e Lety’? =u. 


Here is the key to recognizing equations that are quadratic in form: When the 
equation is written in standard form, the exponent on one variable term is : the 


exponent on the other variable term. 


= Solve: z + 7z!/2 -— 18 =0 









z+ 7z#2— 18 =0 e The equation is quadratic in form. 
(z2)2 + 7(z2) — 18 =0 
u2+ 7u- 18 =0 e Letz’? =u. 
(u — 2) +9) =0 e Solve by factoring. 
u—-2=0 u+9=0 
u=2 u=-9 
gilt = zil2 = —9 e Replace uw by z'2. 
Vea Vz=-9 
(Vz)? = 22 (Vz = (-9/ e Solve for z. 
z=4 Z = 81 
Check: z+ 7z'2-18 =0 z+ 7z¥2 — 18 =0 
4 + 7(4)!2 — 18 Gilet 7(81)!2 — 18 1 0 
4+7-2-—18 81+7-9-18 
4+ 14-18 81-+ 63 — 18 
0=0 126 #0 


4 checks as a solution, but 81 does not check as a solution. 
The solution is 4. 
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eeeeeoaseve 
COCO OE EHS OTHEHSESEOESEHE EES O REO ESOS 
FOP P POOR O HEE EE OERE EE EAOEHOOEETOEEE OOOO D ESE DOOD ECE ROC EE SEED OOS OS OOOO eH eee Mea eeeneeceesenceseeseceseeceece 


Example 1 Solve: x4 + x2 — 12 =0 You Try It 1 Solve: x — 5x!2+6=0 


Solution cut. 4 —A12 = 0 Your solution 
Gear Baie 12.= 0 
UU? seas 12580) 
(u—-3)u+4)=0 


Ue SOMO wu HE 4c 0 
u = 3 u=—4 
Replace u by x?. ae 
= ea 4 
Vie 3. Vx2 = V—4 
Co NS x= +2i 


The solutions are V3, —V3, 
21, aI 2i. 


Solution on p. S31 


To solve a radical equation that is VIDED 6m ost ay 
reducible to a quadratic equation aa bes se 





Certain equations that contain radicals can be expressed as quadratic equations. 


> Solve: Vx +24+4=x 


Ved 








Vat2=x-4 * Solve for the radical expression. 
(Vx + 2)? = (x — 4) ¢ Square each side of the equation. 
A d= Ree 1G © Simplify. 
0O=x*—- 9x 4+ 14 ° Write the equation in standard form. 
Oe Ie — 2) © Solve for x. 
i D0) te 2. =.) 
x=7 x=2 
TAKE NOTE Check: Vx+2+4=x Vaet2+ 44x 
You should always check V7 +2+4 V2+2 +4 2 
your solutions by substi- 
tuting the proposed ve a v4 band 
solutions back into the 3+4 20 4 
_ original equation. : a, ee 


7 checks as a solution, but 2 does not check as a solution. 
The solution is 7. 
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= Example 2 


Solve: V7y —3 + 3 = 2y 


Solution 
Vy = 3 41318 2y 
Viy — 3 = 2y -—3 
(Viy — 3? = Qy - 3y 
Ty — 3 = 4y2 — 12y +9 
0 = 4y? — 19y + 12 
Deyn Wy = 4) 
4y-3=0 y-4=0 
4y = 3 y=4 
3 
one 


4 checks as a solution. 


3 : 
f does not check as a solution. 


The solution is 4. 


claeeaeee 2 


Your solution 


re 


oe 
soe e ce escecccnacceccsnsesesecsconcscccesscnsensscseeeeseesses ee fee soe a eee seteteseneeneneenenee sees beer ee aomdete eee 
7 aie N. 


Example 3 : 
Solve: V2y + 1— Vy = 1 


Solution re 
V2y +1-Vy=1 


Solve for one of the radical expressions. 


Vayt1=Vy+1 
(V2y + 1)? = (Vy + 1? 
2y+1l=y+2Vyt1 
y = 2Vy 
Square each side of the equation. 
y2 = 2VyP 
pee tay 
es Rey 
Pan a 
y=0 y-4=0 
y=4 
0 and 4 check as solutions. 
The solutions are 0 and 4. 


‘YouTryit3 4 


Solve: V2x tie cy 


» & 


ser solution. 
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To solve a fractional equation that 
is reducible to a quadratic equation 














Be Wy 
PeS® 
“TUTOR WEB SSM 


After each side of a fractional equation has been multiplied by the LCM of the 
denominators, the resulting equation may be a quadratic equation. 








we blake it ees 
r SONG es 
OU gras 
trl y 
1 1 3 
+ See et | LA ae he 
2r(r ME at 2nr + 1) 5 


20 ek) 2p Saree ly 3 
2r+- 2+ 27 = 3rr + 1) 
4p + 2 = 3r2 + 3r 
‘0 = 3r2 —7r — 2 
0 = @r + 2)(r - 1) 


Sap 4 = WW) F— l=) 
SF = =2 r=1 
2 eZ 
Peas 


3 


Bh «we icin aisiela|eln c\vislainicinjaisiaie.e sininiciec(es\0 cloisleiaie sie eivlvinsiees sin dives siesinaeegecewsisisicecocesecie 
BY 


“Example 4 


P| 


H You Try It 4 
Solve: 3y + 





Solve: eS 2x + 1 
= 3 


Your solution 





Solution 
iy ee ee 
9 
(3) = (32% 2 1) 
Se oe) 
9 = 2x2 — 5x - 3 
O = 2x? — 5x — 12 
0 = (2x + 3)@ — 4) 
2yer 3 = 0 Lai () 
DG ee x= 4 
ac 
2» 


3 4 
=> and 4 check as solutions. 


' 3 
The solutions are 3 and 4. 


Pe eoscrevccescoseeeesece 





iss = 


¢ Multiply each side of the equation 
by the LCM of the denominators. 


¢ Write the equation in standard form. 
© Solve for r by factoring. 


2 ; é 2 
— ; and 1 check as solutions. The solutions are rs and 1, 


COOP eC ore reeesececeroeeceees ee seseesseeesesceceeeecsees 


= -8 


By = 7) 


Solution on p. S31 
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10.4 Exercises 





Objective A 
Solve. 


iL oe" 
ae le = 2 
7. x—x2—12=0 
10. y? + 5y2?-—36=0 
13. p+ 2p'2-24=0 


16. z2/3 = z3 —6=0 


Objective B 
Solve. 


19. Vxt14¢+x=5 
22a Vy 1 =y — 2 


25. V4y+1i-y=1 


2. yt-5y2+4=0 


5 dap 3p? 2= 0 


8. w —- 2w!2—-15=0 


1h. x* = 12x77 > 04 ='0 


14. vt+3vi2-4=0 


17. 9w4 — 13w?+4=0 


20. Vx=442=6 


23. V3wt3=wtl 


962 35 £4 425 =a? 
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Bee 05 on 


6. v— 7Ww'24+12=0 


9. z4+4+ 3z77-4=0 


12. 4's ot = 0 


15. y23 — 9y13+8=0 


18. 4y — 7y? — 36 =0 


21. x= Vx+6 


2A Ah) s i bes 


OT een Seer 1 
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APPLYING THE CONCEPTS 


29. 


32. 


35. 


38. 


41. 


44. 


47. 


Vp+1l=1-p 
Vy+1=Vy +5 





Nie See Opera) =a1 

















4¢+ 1 3f—1 
+ ——_ 
t+ 4 io! | 





52. Solve: (Vx — 2)? — 5Vx + 14 = 0. (Hint: Let u = Vx — 2.) 


53) ‘Solve: (Vx 43)? 4x 17 ="0. (Hint: Let u = Vx + 3.) 


54. The fourth power of a number is twenty- 


square of the number. Find the number. 


30. 


33. 


39. 


42. 


45. 


48. 


x-7=Vx=5 


V2xi= 1 1i— Veet 





V5 =I =V2 —x 44 











oe ee) 
2p= 1° pHi 


five less than ten times the 


Copyright © Houghton Mifflin Company. All rights reserved. 


; 


Copyright © Houghton Mifflin Company. All rights reserved. 








{ & 5 
Objective A 


Section 10.5 / Applications of Quadratic Equations 571 


Applications of 
Quadratic Equations 
To solve application problems ery @ es Lye 





The application problems in this section are similar to problems solved earlier in 
the text. Each of the strategies for the problems in this section will result in a 
quadratic equation. 


™» A small pipe takes 16 min longer to empty a tank than does a larger pipe. 
Working together, the pipes can empty the tank in 6 min. How long would it 
take the smaller pipe working alone to empty the tank? 


F.L.2.2,2.9.0.9 222 OPP POLO SOO DO ORO RPC EES 2229099990008 2 2S 2.000200 L 2S 2o mf 


Strategy for Solving an Application Problem eee te aes 


a “y ~, 


@ 
1. Determine the type of problem. Is it a uniform motion pie a geometry problem, i. 
an integer problem, or a work problem? F ian a 


= . 
* y 
v 3 ’ 


Can See rn eo see ie wen silat 8, domi SRBEt SSE, 


The problem is a work problem. 


E22 22-29 2.% 2 2 IM LS 2% Y%-2.9.9%2 9.9 S28 2.8.8.%,2 00.52.22 0 o.e Sel metal wecemmms 


* 2. Choose a variable to represent the unknown quantity. Write numerical or variable te 


ce expressions for all the remaining quantities. These results can be recorded i in atable. ° 


Mk here dor fone Oe Aare fee 


The unknown time of the larger pipe: ¢ 
The unknown time of the smaller pipe: ¢ + 16 





Peet LLL LL 229-99 I,2.9 © &O-%.9.%9.9.0,9.8 22,999.82 2.9.2 Ba8 Sta ea ee alae te Sale taeace 


- wR e 


* 3. Determine how the quantities are related. 7 o. , eke 


een bs 6000 5 TECSESERES Ca nb 0 CE ECPUCUCOTORTRTURRT ERD 


6 Ore re e The sum of the parts of the task 
t ¢ phe. compieted must equal 1. 








6 6 
=a = ¢(t + 16)-1 
i+ 166 ad ( ) 


(t + 16)6 + 6t = t? + 16t 
6f + 96 + 6t = ft + 16t 


= t? + 4t — 96 
O12) G= 8) 
t+12=0 t—8=0 
f=-—12 P= Ss 
Because time cannot be negative, the solution t = —12 is not possible. 


The time for the smaller pipe is ¢ + 16. 
t+ 16=8+ 16 = 24 e Replace t by 8 and evaluate. 


The smaller pipe requires 24 min to empty the tank. 
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. 
SERRE ERE EHH OCT SEH EROEEESEOHEESHEHHE SSUES ESSE OSES OSOSH ESTEE SE SESE O TEES EEO ESHD EO EEO H OOS OOOH SOE D HOO OES R EOE ET EES ET COE SEO UE ESSE ESEESSEESSOS ESE SEES EES OSE OES COEDS 


Example 1 You Try It 1 

In 8 h, two campers rowed 15 mi down a river The length of a rectangle is 3 m more than the 
and then rowed back to their campsite. The width. The area is 54 m2. Find the length of 
rate of the river’s current was 1 mph. Find the the rectangle. 


rate at which the campers rowed. 


Strategy Your strategy 
e This is a uniform motion problem. 
e Unknown rowing rate of the campers: r 











° The total time of the trip was 8 h. : . 
Solution Your solution 
15 he Lee 3 
Tol a 
15 eS 
+ 1)(r — 1)} —— + ——] = — 
(r+ I (4 Pe 7 (r+ Dr 18 


Geir (Fad) 15 = (72 = 198 
1 ela ore Ly Sr? = 08 
30r = 8r? = 8 
Osi O08 
O = 242 — 157 —-4) 
0 = 2(4r + 1)¢ — 4) 


4r+1= r-4=0 
4r=-1 r=4 
iBiorea 
4 
The solution r = =; is not possible, 


because the rate cannot be a negative number. 


The rowing rate was 4 mph. 


Solution on p. $32 
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10.5 Exercises 


Objective A 


Application Problems 


The base of a triangle is 1 cm less than five times the height of the tri- 
angle. The area of the triangle is 21 cm?. Find the height and the length 
of the base of the triangle. 


4 


The length of a rectangle is 2 ft less than three times the width of the 
rectangle. The area of the rectangle is 65 ft?. Find the length and width 
of the rectangle. 


The state of Colorado is almost perfectly rectangular, with its north 
border 111 mi longer than its west border. If the state encompasses 
104,000 mi?, estimate the dimensions of Colorado. Round to the near- 
est mule, 


A square piece of cardboard is formed into a box by cutting 
10-centimeter squares from each of the four corners and then folding 
up the sides, as shown in the figure. If the volume, V, of the box is to be 
49,000 cm3, what size square piece of cardboard is needed? Recall that 
V = LWH. 


A car with good tire tread can stop in less distance than a car with poor 
tread. The formula for the stopping distance d, in feet, of a car with 
good tread on dry cement is approximated by d = 0.041? + 0.5v, where 
v is the speed of the car. If the driver must be able to stop within 60 ft, 
what is the maximum safe speed, to the nearest mile per hour, of the 
car? 


A model rocket is launched with an initial velocity of 200 ft/s. The 
height h, in feet, of the rocket t seconds after the launch is given by 
h(t) = —16t? + 200t. How many seconds after the launch will the rocket 
be 300 ft above the ground? Round to the nearest hundredth of a 
second. 


The height of a projectile fired upward is given by the formula 
s = vot — 16f?, where s is the height in feet, vo is the initial velocity, and 
t is the time in seconds. Find the time for a projectile to return to Earth 
if it has an initial velocity of 200 ft/s. 


The height of a projectile fired upward is given by the formula 
s = vot — 16t?, where s is the height in feet, vo is the initial velocity, and 
t is the time in seconds. Find the time for a projectile to reach a height 
of 64 ft if it has an initial velocity of 128 ft/s. Round to the nearest hun- 


dredth of a second. 


In Germany, there is no speed limit on some portions of the autobahn 
(highway). Other portions have a speed limit of 180 km/h (approxi- 
mately 112 mph). The distance d, in meters, required to stop a car trav- 
eling at v kilometers per hour is d(v) = 0.019v? + 0.69v. Approximate, to 
the nearest tenth, the maximum speed a driver can be traveling and still 
be able to stop within 150 m. 





10 cm 


10cm 





German Autobahn System 
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10. 


11. 


12: 


13. 


14. 


15. 


16. 


Chapter 10 / Quadratic Equations 


A perfectly spherical scoop of mint chocolate chip ice cream is placed in 
a cone, as shown in the figure. How far is the bottom of the scoop of ice 
cream from the bottom of the cone? Round to the nearest tenth. (Hint: A 
line segment from the center of the ice cream to the point at which the ice 
cream touches the cone is perpendicular to the edge of the cone.) 


A small pipe can fill a tank in 6 min more time than it takes a larger pipe 
to fill the same tank. Working together, both pipes can fill the tank in 
4 min. How long would it take each pipe working alone to fill the tank? 


A cruise ship made a trip of 100 mi in 8 h. The ship traveled the first’ 
40 mi at a constant rate before increasing its speed by 5 mph. Then it trav- 
eled another 60 mi at the increased speed. Find the rate of the cruise ship 
for the first 40 mi. 


The Concorde’s speed in calm air is 1320 mph. Flying with the wind, 
the Concorde can fly from New York to London, a distance of approxi- 
mately 4000 mi, in 0.5 h less than the time required to make the return 
trip. Find the rate of the wind to the nearest mile per hour. 


A car travels 120 mi. A second car, traveling 10 mph faster than the first 
car, makes the same trip in 1 h less time. Find the speed of each car. 


For a portion of the Green River in Utah, the rate of the river’s current is 
4 mph. A tour guide can row 5 mi down this river and back in 3 h. Find 
the rowing rate of the guide in calm water. 


The height h, in feet, of an arch is given by the equation 
ee = - Sy + 27, where |x| is the distance in feet 


from the center of the arch. 

a. What is the maximum height of the arch? 

b. What is the height of the arch 8 ft to the right of 
the center? 

c. How far from the center is the arch 8 ft tall? 


APPLYING THE CONCEPTS 


17. 


18. 


The surface area of the ice cream cone shown at the right is given 
by A = ar? + ars, where r is the radius of the circular top of the cone and 
s is the slant height of the cone. If the surface area of the cone is 11.25 
in? and its slant height is 6 in., find the radius of the cone. 


Using Torricelli’s Principle, it can be shown that the depth, d, of a liquid . 


in a bottle with a hole of area 0.5 cm? in its side can be approximated by 
i= 0.00341 0.5251 824420, wherewac the time since a stopper was 


removed from the hole. When will the depth be 10 cm? Round to the near- 
est tenth of a second. 





‘ 


as 3A ts 





h(x) 





EARP | 
=== 
(eae 


d i 
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| TAKE NOTE 


_ For each factor, choose a 
' number in each region. 

_ For example: when 

| x= —4,x—3is 
negative; when x = 1, 

x — 3 is negative; and 
when x = 4,x — 3is 

| positive. When x = —4, 

[ x + 2 is negative; when 
| x= 1,x + 2 is positive; 
_ and when x = 4,x + 2is 
_ positive. 


S i 3 " VIDEO Ze 
Objective A To solve a nonlinear inequality ({2))) 


sete near tnLncet AAMC ALRESLREE ERATED 
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Quadratic Inequalities and 
Rational Inequalities 


A quadratic inequality is one that can be written in the form ax? + bx +c <0 
or ax? + bx + c > 0, where a # 0. The symbols <= and = can also be used. 
The solution set of a quadratic inequality can be found by solving a com- 
pound inequality. 





x* — 3x —10>0 
Gee 2) = 5) > 0 


To solve x2 — 3x — 10 > QO, first 
factor the trinomial. 


There are two cases for which the product of the factors will be positive: (1) both 
factors are positive, or (2) both factors are negative. 


(iva 20 and x =a. 8 
Oya. <0 and” a= 5740 


GR Sra 2a) Nae, oe a= G1) 
ee 2 ae Js) 
bape 2) (1) al eer Oh ie al 


Oxo 2 =0 Bate) ge) 240 
pee =O! 05 
nine 2) 1 {xik= 9) = (Ai et 


Solve each pair of compound 
inequalities. 





Because the two cases for which the product will be positive are connected by or, 
the solution set is the union of the solution sets of the individual inequalities. 


fee Si dela —2) = fxlx SS ora 2} 


Although the solution set of any quadratic inequality can be found by using the 
method outlined above, a graphical method is often easier to use. 


= Solve and graph the solution set of x7 — x — 6 < 0. 
Ce roe) 
(x — 3)(« +2) <0 


MESO TEM 


Factor the trinomial. 


On a number line, draw lines indicat- 
ing the numbers that make each factor 








equal to zero. =o 4 3-2-1 Dies Ae 
Bae SQ oo 2 = 0 

x=3 x=-2 
For each factor, place plus signs above x-3 ——— | +4+4+++ 
the number line for those regions SOO aes TS reece ee ena at ot 
where the factor is positive and minus soa ek Heed ate 





signs where the factor is negative. £5 43 22 ip 0. 1a? goed Ss 


Because x2 — x — 6 < 0, the solution set 
will be the regions where one fac- 
tor is positive and the other factor is 
negative. 4 
Write the solution set. (opp diciwe-3 


The graph of the solution set of 


x2 — x — 6 < 0 is shown at the right. eco Cites 3) 4S 


576 Chapter 10 / Quadratic Equations 


= Solve and graph the solution set of (x — 2)(x + 1)(@« — 4) > 0. 


On a number line, identify for each fac- 
tor the regions where the factor is 
positive and those where the factor is 
negative. 


There are two regions where the prod- 
uct of the three factors is positive. 


Write the solution set. 


The graph of the solution set of 
(x — 2)(« + 1)(« — 4) > 0 is shown at 


the right. 
= Solve: => <1 
eo oth 


Rewrite the inequality so that 0 
appears on the right side of the 
inequality. 


Simplify. 


On a number line, identify for each fac- 
tor of the numerator and each factor of 
the denominator the regions where the 
factor is positive and those where the 
factor is negative. 


The region where the quotient of the 


two factors is negative is between 1 
and 4. 


Write the solution set. 















aie = ++4++] +444 
ee See aodeey eat | epecfeete ted etectecfects 
% —Al == | EEE 






{ffi=1'<« <2 orx = 4} 


epee. =) 1) 0, ee ees 

















ig = 5 
== I 
fe = a 
Js = 5 
en) 
jp 2! 
2k ~ eee 
5p a! ge = 
oe = 
=0 
p= 4 
| - t+4++4+4++ [+44 
x—4 — = =o = aia 








<—++-++++ 
=5, =47= 35> 2) 5 00d 2 seers 





{xl =x = 4 


Note that | is part of the solution set but 4 is not because the denominator of 


the rational expression is zero when x = 4. 


Vian eer ae 4 ware cne’ecieipesisie’sisiei.cisiejnn|a cisinisielnie(s\ew vio.cnlaie ela e,s)e\pialeininie'sisia'a sis vies eciee\eoHk Saisie s aw uisteicls 


SPP O tite e/Se'a\e's'c\9.0\0 0s avin eve eisaaiainiaseleiaiels seine eieies cient Conn 


Solve and graph the solution set of 


Example 1 You Try It 1 
Solve and graph the solution set of 
24 a3 =) PUES Zap NIP AG) 
Solution Your solution 
DS () 
(2x a EGE ate 1) =0 2753 =| weer 
x + 1———|44444]4+44 
i) 
{=la | oF x= 5 
2 El Ome? epost) p) | 


Step (OY il Pe he Bh 


OPI art 5 


Solution on p. S32 
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1. 


3 


11. 


{3 


LS: 


Objective A 


ble element of the solution set? Why? 


Solve and graph the solution set. 


(x — 4)@ +:2) > 0 


a tt et 
-5 -4-3 -2-1 0 12 3 4°55 


x?-—- 3x +2=0 


-5 -4-3-2-1 012 3 4 5 


x?-—x-—12<0 


—5=4-—3 —2--1 0 4) 2 3. 4/5 


(oer 2)be— 3)-<.0 


a5 Sh) =e Sx eal “Ol 72 eae) 


Cea 2) (x — 1) 0 


Bs od SSO P22 








10. 


{2. 


14. 


16. 


Section 10.6 / Quadratic Inequalities and Rational Inequalities 


If (« — 3) — 5) > 0, what must be true of the values of x — 3 and x — 5? 


2. For the.inequality i = 1, which of the values 1, 2, and 3 is not a possi- 


Gir We = 3) = 0 


-5 -4-3-2-1 012 3 4°55 


x* +5x%+6>0 


SSS 
-5 -4-3 -2-1 012 3 4 5 


x?+x-20<0 


at tt ttt tt 
=5,=4.23)-2)—1, 10; 4 2 3 4 5 





C42) x 1) 20 





att 4+ + 4 H+ HH Ht 
a5 etee) ail Wr mk ye Ss AN 


G1), +5) Gee 2) =,0 


<tt  t t tt tt 
25) 4) = 35 eee OL et ee? wero me neo) 


xe DD 
x—3 





a ethagy Sei Oy il 9 Bah te 





<+$+4+ + + + + +44 
HG e/a) =o mile We | hip Pech) sie as 
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17. (« — 1)\@ +2) Ap 














se = 3 
++ +++ 4+ 4 HH 
ee ey eh wie oh ee Ze 
Solve. 
19. x*-—16>0 20. 
22. x7 +4*>21 23. 
3 
25. = 2 26. 
ge = Il 
1 
28. —<2 29. 
oe 
jie 32. 
My = Fe 


APPLYING THE CONCEPTS 
Graph the solution set. 
34. («+ 2)% -3)\@+1)@+4>0 


Lay) 0 2 4 


36. (x? + 2x — 8)(x?2 — 2x — 3) <0 
——+—_+_ + +—_ + + +++ > 
Al i=? 0 2 4 


BSG IG 34 2) 0 


x?-42>0 


4x2 — 8x +3 <0 


CPT wal a 


Xx 





18. 


Css) Cee te 


= 2 
eT Cer any ghee ee oe 
21. x2 — 9x = 36 
24. 2x74+ 11x +12=0 
= 2 
0 27. Z 


CMaier i. 














= 
eee wir he re 
3 2 3 1 
= 
G2) ie? 33. 5 ee 


35. @ —~De+3G=— 2)(x _ 4) =0 


—4 —2 0 2 4 


37. GA 2 3G ax 20 


-4 —2 0 2 4 


2°3 = x)(2x + 1) 
(x + 4)(x + 2) 
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Projects and Group Activities 579 


a Focus on Problem Solving 


Use a Variety of We have examined several problem-solving strategies throughout the text. See 


Problem-Solving 
Techniques 


if you can apply those techniques to the following problems. 


1. Eight coins look exactly alike, but one is lighter than the others. Explain how 
the different coin can be found in two weighings on a balance scale. 


2. For the sequence of numbers 1, 1, 2, 3, 5, 8, 13, ..., identify a possible pat- 
tern and then use that pattern to determine the next number in the sequence. 


3. Arrange the numbers 1, 2, 3, 4,5, 6, 7, 8, and 9 in the squares 
at the right so that the sum of any row, column, or diagonal 
is 15. (Suggestion: Note that 1, 5, 9; 2, 5, 8; 3, 5, 7; and 4, 5, 
6 all add to 15. Because 5 is part of each sum, this suggests 
that 5 be placed in the center of the squares.) 





4. Arestaurant charges $10.00 for a pizza that has a diameter of 9 in. Determine 
the selling price of a pizza with a diameter of 18 in. so that the selling price 
per square inch is the same as for the 9-inch pizza. 


5. You have a balance scale and weights of 1 g, 4 g, 8 g, and 16 g. Using only 
these weights, can you weigh something that weighs 7 g? 9 g? 12 g? 19 g? 


6. Can the checkerboard at the right be covered with domi- 
nos (which look like LI) so that every square on the 
board is covered by a domino? Why or why not? (Note: 
The dominos cannot overlap.) 





eG Projects and Group Activities 


Completing 
the Square 


Essentially all of the investigations into mathematics before the Renaissance 
were geometric. The solutions of quadratic equations were calculated from a 
construction of a certain area. Proofs of theorems, even theorems about num- 
bers, were based entirely on geometry. In this project, we will examine the 
geometric solution of a quadratic equation. 


580 Chapter 10 / Quadratic Equations 


Using a Graphing 
Calculator to Solve a 
Quadratic Equation 






™> Solve: x? + 6x = 7 


Begin with a line of unknown length, x, and one of length 6, the coefficient 
of x. Using these lines, construct a rectangle as shown. 


Area = x2 + 6x 


Figure 1 


‘ 


Now draw another area that has exactly the same area as Figure 1 by cutting 
off one-half of the rectangle of area 6x and placing it on the bottom of the 
square labeled x*. See Figure 2. 


The unshaded area in Figure 2 has exactly the same 
area as Figure 1. However, when the shaded area is 
added to Figure 2 to make a square, the total area is 
9 square units larger than that of Figure 1. In equa- 
tion form, 





(Area of Figure 1) + 9 = area of Figure 2 


or Area = (x + 3)2 


x*+ 6x +9= (x + 3) Figure 2 


From the original equation, x2 + 6x = 7. Thus, 


x? + 64 +9 = (x + 3) 


DS MC EN e x2+6x=7 
16 = (x + 3) 
4=x+3 ° See note below. 
1=x 


Note: Although early mathematicians knew that a quadratic equation may 
have two solutions, both solutions were allowed only if they were positive. Af- 
ter all, a geometric construction could not have a negative length. Therefore, 
the solution of this equation was 1; the solution —7 would have been dismissed 
as fictitious, the actual word that was frequently used through the 15th cen- 
tury for negative-number solutions of an equation. 


Try to solve the quadratic equation x2 + 4x = 12 by geometrically completing 
the square. 


Recall that an x-intercept of the graph of an equa- 
tion is a point at which the graph crosses the 
x-axis. For the graph in Figure 3, the x-intercepts 
are (—=2, 0) and (3) 0): 





Figure 3 
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Figure 4 
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Figure 5 
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Chapter Summary 581 


Recall also that to find the x-intercept of a graph, set y = 0 and then solve 
for x. For the equation in Figure 3, if we set y = 0, the resulting equation is 
0 = x? — x — 6, which is a quadratic equation. Solving this equation by factor- 
ing, we have 


O'= x7 = x= 6 
0=(« + 2)@ — 3) 


x2 = 0 = 3.550 
x=-2 x=3 


II 


Thus the solutions of the equation are the x-coordinates of the x-intercepts of 
the graph. 


This connection between the solutions of an equation and the x-intercepts 
of its graph enables us to find approximations of the real number solutions 
of an equation graphically. For example, to use a TI-83 to approximate the 
solutions of 2x2 + 5x — 1 = 0 graphically, use the following keystrokes 
to graph y = 2x2 + 5x — 1 and find the decimal approximations of the 
x-coordinates of the x-intercepts. Use the window shown in the graph in 
Figure 4. 


iy=| (CLEAR 2 | xorey| [22] [15 X,T0,n (=y1 
[2nd] [CALC] 2 


Use the arrow keys to move to the left of the leftmost x-intercept. Press 
ENTER. Use the arrow keys to move to a point just to the right of the left- 
most x-intercept. Press ENTER twice. The x-coordinate at the bottom of the 
screen is the approximation of one solution of the equation. To find the 
other solution, use the same procedure, but move the cursor first to the left 
and then to the right of the rightmost x-intercept. 





Attempting to find the solutions of an equation graphically will not neces- 
sarily find all the solutions. Because the x-coordinates of the x-intercepts 
of a graph are real numbers, only real number solutions can be found. 
For instance, consider the equation x2 + 4x + 5 = 0. The graph of 
y = x? + 4x + 5 is shown in Figure 5. Note that the graph has no x-intercepts 
and, consequently, no real number solutions. However, x? + 4x + 5 = 0 does 
have complex number solutions that can be obtained by using the quadratic 
formula. They are —2 + i and —2 —1. 


5 


Chapter Summary 


A quadratic equation is an equation of the form ax? + bx +c = 0, where a and b 
are coefficients, c is a constant, and a # 0. A quadratic equation is also called a 
second-degree equation. |p. 545] 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. [p. 545] 


When a quadratic equation has two solutions that are the same number, the 
solution is called a double root of the equation. [p. 545] 


Vs i 
reserved 
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Essential Rules 


Methods of Solving a Quadratic Equation: 


1; 


Ze 


Adding to a binomial the constant term that makes it a perfect-square trinomial 


Factoring 
This method is used only when the polynomial ax* + bx + c is factorable. 


Taking square roots 
This method is used only when the value of b in ax? + bx + c is 0. 
It is also used when an equation can be written in the form 


Square of a binomial = constant 


. Completing the square 


This method can be used to solve any quadratic equation. 


\ ‘ 


. Quadratic formula 


This method can be used to solve any quadratic equation. 
[pp. 545, 547-548, 553-555, 559-561] 


is called completing the square. |p. 553) 


For an equation of the form ax’ + bx + c = 0, the quantity b? — 4ac is called the 


discriminant. [p. 561] 


An equation is quadratic in form if it can be written as au* + bu +c = 0. [p. 565] 


A quadratic inequality is one that can be written in the form ax? + bx +c >0 or 
ax? + bx +c <0, where a # 0. The symbols = or = can also be used. [p. 575] 


The Principle of Zero Products [p. 545] If ab= 0, then a = 0 or b= 0) 


To Solve a Quadratic Equation by Factoring [p. 545] 


abwWNe 


. Write the equation in standard form. 

. Factor. , 

. Use the Principle of Zero Products to set each factor equal to 0. 
. Solve each equation. 

. Check the solutions. 


To Write a Quadratic Equation Given Its Solutions [p. 547] 
Use the equation (x — r,)(x — r,) = 0. Replace r, with one solution and 1, with 
the other solution. Then multiply the two factors. 


To Complete the Square [p. 553] ' 
Add to a binomial of the form x? + bx the square of A of the coefficient of x. 


To Solve a Quadratic Equation by Completing the Square hp. O55] 


1. 
2: 


Write the equation in the form ax* + bx = —c. 


Multiply both sides of the equation by -. 


. Complete the square on x? + x, Add the number that completes the square 


to both sides of the equation. 


4. Factor the perfect-square trinomial. 

5S. Take the square root of each side of the equation. 

6. Solve the resulting equation for x. 

7. Check the solutions. uae 

The Quadratic Formula [p. 559] bh a pee 


The solutions of ax? + bx +c = 0,a #0, arex = 


The Effect of the Discriminant on the Solutions 
Ie 
Pp. 
3. 





2a 


If b? — 4ac = 0, the equation has one real number solution, a double root. 
If b* — 4ac > 0, the equation has two unequal real number solutions. 
If b? — 4ac < 0, the equation has two complex number solutions. 


of a Quadratic Equation [p. 561] 


@eeecseceeeecsovvsscece 


@eesevseveecseeveecs 


eeese 


e@eccseece 
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Lt. 


13: 


tS. 


Chapter Review 


Solve by factoring: 2x? — 3x =.0 


Solve by taking square roots: 
x? = 48 


Solve by completing the square: 
x?+ 4x+3=0 


Solve by using the quadratic formula: 
1232 — 25x +12 = 0 


Write a quadratic equation that has integer 
coefficients and has solutions 0 and —3. 


Solve by completing the square: 
x— 2x +8 =0 


Solve by using the quadratic formula: 
3x(x — 3) = 2x — 4 


Solve: (x + 3)(2x — 5) < 0 


10. 


12. 


14. 


16. 


583 


Chapter Review 


Solve by factoring: 6x? + 9cx = 6c? 


Solve by taking square roots: 


1 \2 ri 
(x +4) +4=0 


Solve by completing the square: 
1x? — 144 +3 = 0 


Solve by using the quadratic formula: 
Rei Ler 8 310 


Write a quadratic equation that has integer 


owe : 3 2 
coefficients and has solutions A and a 


Solve by completing the square: 
C= Dor3) = "10 


Use the discriminant to determine whether 
3x2 — 5x + 1 = 0 has one real number solu- 
tion, two real number solutions, or two com- 
plex number solutions. 


Solve: (x — 2)(x + 4)(2x + 3) =0 


584 


173 


19: 


ZN: 


23: 


Zoe 


27. 


28. 


P43) 


30. 


Chapter 10 / Quadratic Equations 





Solve: «72 + x15 — 12 =0 18, Solve: 2@ — 1) + 3\xc =a 2 =.0 
3x +7 
Solve: 3x ea 20. Solve: = 5 erat 

















Solve and graph the solution set: 22. Solve and graph the solution set: 
z-2 6 (2x — 1) +3) — g 
Pager) x—4 
Se ie ee 

=bUS Wena yh, ONE BP RE 7G 3524-33 =2'-1" 0 1 eues ede 
Solve: x =Vx + 2 24. Solve: 2x = V5x + 2443 

tere Ae eee ae as 
Solve: 5 — oe ne 26. Solve: 1 ier uhm 


The length of a rectangle is two more centimeters than twice the width. The 
area of the rectangle is 60 cm. Find the length and width of the rectangle. 


The sum of the squares of three consecutive even integers is fifty-six. Find | 
the three integers. 


An older computer requires 12 min longer to print the payroll than does a 
newer computer. Together the computers can print the payroll in 8 min. 
Find the time for the new computer working alone to print the payroll. 


A car travels 200 mi. A second car, making the same trip, travels 10 mph 
faster than the first car and makes the trip in 1 h less time. Find the speed 
of each car, 
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iw 


e Chapter Test 


Solve by factoring: 3x2 + 10x = 8 


Write a quadratic equation that has integer 
coefficients and has solutions 3 and —3. 


Solve by taking square roots: 
3(x — 2) — 24=0 


Solve by completing the square: 
oh = Ox = 2 


Solve by using the quadratic formula: 
ne Axe 12 = 0 


Use the discriminant to determine whether 
x2 — 6x = —15 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


10. 


12. 


Chapter Test 585 


Solve by factoring: 6x? — 5x —6=0 


Write a quadratic equation that has integer 


coefficients and has solutions ; and —4. 


Solve by completing the square: 
a OR 0) 


Solve by using the quadratic formula: 
252 x | 


Use the discriminant to determine whether 
3x2 — 4x = 1 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


Solve: 2x + 7x2 -—4=0 


586 Chapter 10 / Quadratic Equations 














13. Solve: g7 = "4727 3i— 0 14. “Solveanv 2% 3 1 ae 
2) 5 

15. Solve: Vx —2=Vx -2 16. Solve 358 hatter 
17. Solve and graph the solution set of 18. Solve and graph the solution set of 

= 2Qiat 4a 4) <0, shang, 

|) 
<++-+$+-+ +++ + 4+ 4+ <+-+-+$-+-+ +++ + 4+ 4 
5 Ae? 2110 4 23 4 5 55-4 3 a2 Si) 0" ae ees 


19. The base of a triangle is 3 ft more than three times the height. The area of 
the triangle is 30 ft?. Find the base and height of the triangle. 


20. The rate of a river's current is 2 mph. A canoe was rowed 6 mi down the 
river and back in 4 h. Find the rowing rate in calm water. 
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11. 


13. 


os Cumulative Review 


Evaiuate 2a7.=> b? = c* when a = 3, b = —4, 
ang cis), 


Find the volume of a cylinder with a height 
of 6 m and a radius of 3 m. Give the exact 
measure. 


Find the slope of the line containing the 
points (3, —4) and ¢—1, 2). 


Find the equation of the line that contains 
the point (1, 2) and is parallel to the line 
Seay. 


Graph the solution set: 
Pl 
2a ao 





Divide: (3x3 — 13x2 + 10) + (3x - 4) 


Factor: 6x2 — 7x — 20 


10. 


587 


Cumulative Review 


Solve: |3x — 2| < 8 


Given f(x) = ae find f( —2). 


Find the x- and y-intercepts of the graph of 
6x — Sy = 15. 


Solve the system of equations. 
Xp B= 
=* + 2y =3z = —9 
ey = 272i 1 


Triangles ABC and DEF are similar. Find the 
height of triangle DEF. 


Ts) 
B 24 cm 
: 7 : - 12 cm 
A (Gr !D) EB 
12. Factor: —3x3y + 6x2y? — 9xy? 
te we thedristrl «Axiant 
BN nee” Beha Re oad 
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IS: 


17. 


19. 


21. 


22. 


23. 


24. 


Zoe 
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Solve: =— = =A 16. Solve S = (a + b) for b. 
KE 2 ao ae 8) 2 


Multiply: a-"/2(a!2 — a3?) 18. Multiply: —2i(7 — 47) 


Solve: V3x +1 —1=<x 20. Solve: x4 — 6x7+8=0 


A piston rod for an automobile is 9= in. with a tolerance of S in. Find the 


lower and upper limits of the length of the piston rod. 


The base of a triangle is (x + 8) ft. The height is (2x — 4) ft. Find the area 
of the triangle in terms of the variable x. 


The graph shows the relationship between the value of a 
building and the time, in years, since depreciation began. 


. . . as —~ 
Find the slope of the line between the two points shown og § 
on the graph. Write a sentence that states the meaning of <= 3 
the slope. ace a 

= 





How high on a building will a 17-foot ladder reach when the 
bottom of the ladder is 8 ft from the building? 


Use the discriminant to determine whether 2x2 + 4x + 3 = 0 has one real 


number solution, two real number solutions, or two complex number 
solutions. 





Time (in years) 
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Chapter 


Section 11.1 


A To graph a linear function 
B_ To solve application problems 


Section 11.2 


A To graph a quadratic function 
B. To find the x-intercepts of a parabola 


C To find the minimum or maximum of a 
quadratic function 


D To solve application problems 


Section 11.3 


A To graph functions 


Section 11.4 


A To perform operations on functions 
B. To find the composition of two functions 


Section 11.5 


A 
B 


To determine whether a function is 
one-to-one 
To find the inverse of a function 


Section 11.6 


A 


Bo 
C 
D 


To graph a parabola 

To find the equation of a circle and to graph 
a circle 

To graph an ellipse with center at the origin 
To graph a hyperbola with center at the 
origin 


sil” Need help? For on-line student resources, such as section 


WEB 


quizzes, visit this textbook’s web site at 
college.hmco.com/students. 


Functions and 
Relations 





The Statuary Hall in the Capitol Building in Washington, D.C., 
pictured above, is a whispering gallery. Two people standing 
at what are called the foci of the elliptical ceiling can 
whisper and yet hear each other even though they are a 
considerable distance apart. The whisper from one person is 
reflected to the person standing at the other focus. The 
Project on page 640 shows how to calculate the foci of 

an ellipse. 








2; 
x) a ext, find f(—4) 4 


= 


=2y + 4 for y. 


Given y = —x* + 2x + 1, find the value of y 
when x = —2. 


Evaluate p(r) =r? = when r=2 +h. 


Solve: 0 =x? -—4x4+1 


~ ae 
Find the domain and range of the relation {(—2, 4), (3, 5), (4, 6), (6, 5)}. Is 










many chimes will be heard? 





Each time the two hands of a certain standard 12-hour clock form a 180° 
angle, a bell chimes once. From noon toda 


y until noon tomorrow, how 
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Linear Functions 
a 
To graph a linear function 1) i yA. 


The graph of a function is the graph of the ordered pairs (x, y) that belong to 
the function. Because y and f(x) are interchangeable, the ordered pairs of a 
function can be written as (x, y) or (x, f(x)). A function that can be written in 
the form y = mx + b or f(x) = mx + b is called a linear function. The graph 
of a linear function has certain characteristics. It is a straight line with slope 
m and y-intercept (0, D). 





=> Graph: f(x) = 2x + 1. 


This is a linear function. You can think of 
the function as the equation y = 2x + 1. The 
y-intercept is (0, 1). The slope is 2. 


Beginning at the y-intercept, move right 1 and 
up 2. The point (1, 3) is another point on the 
graph. Draw a straight line through the points 
(0; DcandiCh 3): 





When a function is given by an equation, the domain of the function is all real 
numbers for which the function evaluates to a real number. For instance, 


e The domain of f(x) = 2x + 1 is all real numbers because the value of 2x + 1 
is a real number for any value of x. 





e The domain of g(x) = — 5 is all real numbers except 2; when x = 2, 
g(2) = >, = ~ which is not a real number. 
ghar Pies mera: | Be ts 
; 3 
Graph: f(x) = ox Graph: f(x) = ai 4 
Solution Your solution 
b=0 
y-intercept: (0, 0) 
La 
3 





Solution on p. S32 
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Objective B To solve application problems 


> WW 
»9 SD 
“TUTOR WEB SSM 





Linear functions can be used to model a variety of applications in science and 
business. For each application, data are collected and the independent and 
dependent variables are selected. Then a linear function is determined that 


models the data. 


SOROS PSHE HEHE HSH SEES TEESE HOSTS ES OE HEH ES ET TOLEHEEEEHETEH SESE SEO EE ETEOEESEEEEEES HOTTEST ESO SEES EH EHEEEE SESH SHES EEE EESESEOSEE HS EH SES OE SHEE EET OE SEES ESO ES ESE ES ESS 


Suppose a manufacturer has determined that 
at a price of $115, consumers will purchase 

1 million portable CD players and that at a 
price of $90, consumers will purchase 1.25 
million portable CD players. Describe this 
situation with a linear function. Use this 
function to predict how many portable CD. 
players consumers will purchase if the price 
is $80. 


Strategy 

* Select the independent and dependent 
variables. Because you are trying to 
determine the number of CD players, that 
quantity is the dependent variable, y. The 
price of CD players is the independent 


variable, x. From the given data, two ordered 


pairs are (115, 1) and (90, 1.25). (The 
ordinates are in millions of units.) Use these 
ordered pairs to determine the linear 
function. 

° Evaluate the function for x = 80 to predict 
how many CD players consumers will 
purchase if the price is $80. 


Solution 
Let (x,, y,) = (115, 1) and (x,, y>) = (90, 1.25). 


= 1.25 = | O25 
poset aries rig rey! 
ie ert tt) 

y — 1 = -0.01(« — 115) 
y= l= —0.01lx +115 
Y= OO eee 2015 


The linear function is 
f(x) = —0.01x + 2.15. 


(80) = —0.01(80) + 2.15 = 1.35 


Consumers will purchase 1.35 million 
CD players at a price of $80. 


You Try It 2 

Gabriel Daniel Fahrenheit invented the 
mercury thermometer in 1717. In terms of 
readings on this thermometer, water freezes at 
32°F and boils at 212°F. In 1742 Anders Celsius 
invented the Celsius temperature scale. On this 
scale, water freezes at 0°C and boils at 100°C. 
Determine a linear function that can be 

used to predict the Celsius temperature 

when the Fahrenheit temperature is known. 


Your strategy 


Your solution 


Solution on p. $32 
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Section 11.1 / Linear Functions 


11.1 Exercises 


Objective A 


10. 


11. 


Graph. 


ie) = 3x —4 2. ie) = —2x + 3 





Objective B Application Problems 


The sale price of an item is a function, s, of the original price, p, 
where s(p) = 0.80p. If an item’s original price is $200, what is the sale 
price of the item? 


The markup on an item is a function, m, of its cost, c, where 
m(c) = 0.25c. If the cost of an item is $150, what is the markup on the 


item? 
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12. 


13. 


14. 


Chapter 11 / Functions and Relations 


A manufacturer of graphing calculators has determined that 10,000 
calculators per week will be sold at a price of $95. At a price of $90, it is 
estimated that 12,000 calculators would be sold. Determine a linear func- 
tion that will predict the number of calculators that would be sold at a 
given price. Use this method to predict the number of calculators per 
week that would be sold at a price of $75. 


The operator of a hotel estimates that 500 rooms per night will be rented 
if the room rate per night is $75. For each $10 increase in the price of a 
room, 6 fewer rooms will be rented. Determine a linear function that wilh 
predict the number of rooms that will be rented for a given price per 
room. Use this model to predict the number of rooms that will be rented 
if the room rate is $100. 


A general building contractor estimates that the cost to build a new home 
is $30,000 plus $85 for each square foot of floor space in the house. Deter- 
mine a linear function that will give the cost of building a house that con- 
tains a given number of square feet. Use this model to determine the cost 
to build a house that contains 1800 ft?. 


APPLYING THE CONCEPTS 


15. 


A child's height is a function of the child’s age. The graph of this func- 
tion is not linear, as children go through growth spurts as they develop. 
However, for the graph to be reasonable, the function must be an 
increasing function (that is, as the age increases, the height increases) 
because children do not get shorter as they grow older. Match each 
function described below with a reasonable graph of the function. 

a. The height of a plane above the ground during take-off depends on 

how long it has been since the plane left the gate. 


b. The height of a football above the ground is related to the number 
of seconds that have passed since it was punted. 


c. A basketball player is dribbling a basketball. The basketball’s dis- 
tance from the floor is related to the number of seconds that have 
passed since the player began dribbling the ball. 


d. Two children are seated together on a roller coaster. The height of 


the children above the ground depends on how long they have been 
on the ride. 


= 


I Il 


Height 
Height 
Height 





Time Time Time 


Time 


‘ 
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Quadratic Functions 


Lm, Why 
Objective A To graph a quadratic function } is ay. 


Recall that a linear function is one that can be expressed by the equation 
f(x) = mx + b. The graph of a linear function has certain characteristics. It is 
a straight line with slope m and y-intercept (0, b). A quadratic function is one 
that can be expressed by the equation f(x) = ax? + bx + c, a # 0. The graph of 
this function, called a parabola, also has certain characteristics. The graph 
of a quadratic function can be drawn by finding ordered pairs that belong to 
the function. 





= Graph /@) = x* — 2x — 3. 


[ <j KE NOTE © | By evaluating the function for various values of x, find enough ordered pairs 
to determine the shape of the graph. 


_ Sometimes the value of | 
_ the independent | 
_ variable is called the 

_ input because it is put 

in place of the 

_ independent variable. 

_ The result ofevaluating 
_ the function is called the | 
_ output. 

_ An input/output 

_ table shows the results 
_ of evaluating a function 
_ for various values of the 
_ independent variable. 









secs nen etcnaeatan sine! cnet ea SS aN STIOITOON 





An input/output table 
for f@) =<" — 2x — 3 is 
- shown at the right. : 
/ 2] Because the value of f(x) = x? — 2x — 3 isa real number for all values of x, the 
domain of f is {x|x € real numbers}. From the graph, it appears that no value of 
y is less than —4. Thus the range is {yy = —4}. The range can also be determined 
algebraically, as shown below, by completing the square. 
orem) ©-"->-3 
In completing the a(x 2x) — 3 © Group the variable terms. 
eee 2 Sean ) Sa = i) SMe 3 © Complete the square of x? — 2x. Add and 
and subtracted. because 2 
1—1=0, the subtract 1-2) =f 
| expression x? — 2x — 3 2 
eee creed Tote et rl ett e Factor and combine like terms. 
pes 3 i, Re 
Pare reioeseay = 4 | Because the square of a positive number is always positive, we have 
yk oO 
_ which is the original ) (x — 1220 
ition). 6 | (x —-1)? 42 -4 © Subtract 4 from each side of the inequality. 
ssi a OE fx) = -4 © f(x) =x? —2x-3=(x-1P -4 
Mie 4 


From the last inequality, the range is {y|y = —4}. 
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Axis-of 
Symmetry 





Axis of 
Symmetry 








TAKE NOTE 


Once the coordinates of 
the vertex are found, the 

_ range of a quadratic 
function can be 
determined. 


i 


In general, the graph of f(x) = ax? + bx + c,a # 0, resembles a “cup” shape as 
shown at the left. The parabola opens up when a > 0 (a is positive) and opens 
down when a < 0 (a is negative). When the parabola opens up, the vertex of 
the parabola is the point with the smallest y-coordinate. When the parabola 
opens down, the vertex is the point with the largest y-coordinate. 


The axis of symmetry is a line that passes through the vertex of the parabola and 
is parallel to the y-axis. To understand the axis of symmetry, think of folding the 
graph along that line. The two portions of the graph will match up. 


The following formulas can be used to find the axis ofisymmetry and the vertex 
of a parabola. 


The Axis of Symmetry and Vertex of a Parabola 


Let f(x) = ax* + bx + c be the equation of a parabola. 


The equation of the axis of symmetry is x = -2. 


The coordinates of the vertex are (-2. (-2)) 
a 2a 





~» Find the axis of symmetry and the vertex of the parabola whose equation is 
g(x) = —2x? + 3x + 1. Then graph the equation. 


From the equation g(x) = —2x? + 3x + 1,a = —2,b = 3, andc = 1. 


Axis of symmetry: x = LE Se enced ee 
ape Bi, eA 


; : ; ; : ; 3 
The axis of symmetry is a vertical line passing through the point (5. 0). 


The x-coordinate of the vertex is . 
Find the y-coordinate of the vertex by 
replacing x with ; and evaluating. 
Ve eo oe el 
cal 3 iy 
-2(=]} +3/-)+1=— 
Fibs: 


ESE 
The vertex is (5. 3): 


Because a is negative (a = —2), the graph 
opens down. Find a few ordered pairs that A : Peed 
belong to the function, and then sketch the graph.  e@)\e 2824. seed 





Once the y-coordinate of the vertex is known, the range of the function 
can be determined. Here, the graph of g opens down, so.the y-coordinate of 


8 
The value of —2x? + 3x + 1 is a real number for all values of x; the domain is 
{x|« € real numbers}. 


the vertex is the largest value of y. Therefore, the range of g is {> y = 7 
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Example 1 
Find the vertex and axis of symmetry of the 
parabola whose equation is y = —x? + 4x + 1. 


Then graph the equation. 


Solution 


I You Try It 1 
Find the vertex and axis of symmetry of the 
parabola whose equation is y = 4x? + 4x + 1. 
Then graph the equation. 


Your solution 
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x-coordinate of vertex: 
We: Sel carla) 0 
20) 2(=1). 
y-coordinate of vertex: 
y= xe An + I 
= (22 4(2) #1 
=5 
vertex: (2, 5) 
axis of symmetry: x = 2 





Solution on p. S32 





MWh 
To find the x-intercepts of a parabola “ ey a 
TUTOR WEB SSM 





= Recall that a point at which a graph crosses x-intercepts 


the x- or y-axis is called an intercept of the 
graph. The x-intercepts of the graph of an 
equation occur when y = 0; the y-intercepts 
occur when x = 0. 


A 






The graph of y = x? + 3x — 4 is shown at 
the right. The points whose coordinates are 
(—4, 0) and (1, 0) are x-intercepts of the 
graph. 





ee 


“y-intercept 


“> Find the x-intercepts of the parabola whose equation is y = 4x? — 4x + 1. 
To find the x-intercepts, let y = 0 and then solve for x. 


y y=4-4e 4+ 1 
pat eee om ents 


ie cae boxe 1) 


e Lety=0. 


e Solve for x by factoring and using the Principle 
of Zero Products. 


26 = 1= 0 254 —* EE) 
2x = 1 2x = 1 

1 ny 

£5 5 





1 
The x-intercept is (5, 0) : 


In this last example, the parabola has only one x-intercept. In this case, the pa- 
rabola is said to be tangent to the x-axis at x = 5. 
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=> Find the x-intercepts of y = x* — 2x — 1. 


To find the x-intercepts, let y = 0 and solve for x. 
ee ee eae |. 
OF a7 2a 





Dit WN De aac ¢ Because x? — 2x — 1 does not easily factor, 
al 2a use the quadratic formula to solve for x. 

(= 2) fsa A et) 

= — 1, b = —-Z> =,—1 
2(1) ° a 2 ¢ 
_2+V4+4 2+ V8 
z 2 a 
oe 

Boece sake aAe Slips hy 


The x-intercepts are (1 = V2, 0) and (1 + V2, 0). 


The graph of a parabola may not have x-intercepts. 
The graph of y = —x? + 2x — 2 is shown at the right. 
Note that the graph does not pass through the x-axis 
and thus there are no x-intercepts. This means there 
are no real number solutions of —x? + 2x — 2 = 0. 





Using the quadratic formula, we find that the solu- 
tions of the equation —x? + 2x — 2 = 0 are the com- 
plex numbers 1 — i and 1 + i. 





Recall that the discriminant of the quadratic formula is the expression 
b? — 4ac and that this expression can be used to determine whether 
ax* + bx + c = 0 has zero, one, or two real number solutions. Because there is 
a connection between the solutions of ax? + bx + c = 0 and the x-intercepts of 
the graph of y = ax? + bx + c, the discriminant can be used to determine the 
number of x-intercepts of a parabola. 





The Effect of the Discriminant on the Number of x-Intercepts 
of a Parabola 









1. If b? — 4ac = 0, the parabola has one x-intercept. 
2. If b? — 4ac > 0, the parabola has two x-intercepts. 
3. If b? — 4ac < 0, the parabola has no x-intercepts. 






‘W's 
‘ 


" Use the discriminant to determine the number of x-intercepts of the parabola 
whose equation is y = 2x2 — x + 2. ; , 


b2 — dac © Evaluate the discramnane 
(41)”=— 42) Ver eitet ote sts a=2,b=—-1,c=2 
— ean) 


The discriminant is less than zero, so the parabola has no x-intercepts. 
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nga 


a Example 2 


Find the x-intercepts of 


y = 2x? = Sx + 2. 


Solution 

eae 2h 5 2 

0 = 2x? — 5a’ + 2 

0 = (2x — 1)(« — 2) 
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= You Try It 2 
Find the x-intercepts of 
ya ke 3x oA: 


Your solution 


2x — lea () x—-2=0 
Daal RS 2D 
ea 
2) 


é ! 
The x-intercepts are ( 


i 
CO De ese ooseeseeoresesseeresovereesD 


2 Example 3 


Use the discriminant to determine the number 
of x-intercepts of y = x7 — 6x + 9. 


Solution 
Gt = =o, 6 = 9 


0] arto). 


eeoeeee § 
POC o eo oso oeeoesseeensesoeseeseeseonnesene ED ee eeeecroereserasoreecssesavenesergeseseseseeresenesessssssssosereseseseesesee 


© You Try It 3 
Use the discriminant to determine the 
number of x-intercepts of y = x? — x — 6. 


Your solution 


b? — 4ac = (—6)* — 4(1)(9) = 36 — 36 = 0 


Because the discriminant is equal to zero, the 
parabola has one x-intercept. 


Objective C- 


Point of Interest 


Calculus is a branch of 
mathematics that demon- 
strates, among other things, 
how to find the maximum or 
minimum of functions other 
than quadratic functions. These 
are very important problems in 
applied mathematics. For 
instance, an automotive 
engineer wants to design a car 
whose shape will minimize the 
effects of air flow. The same 
engineer tries to maximize the 
efficiency of a car’s engine. 
Similarly, an economist may try 
to determine what business 
practices will minimize cost and 
maximize profit. 


Solutions on p. S33 





To find the minimum or maximum 
of a quadratic function 





Vl 





Gm awe 


TUTOR WEB SSM 


The graph of f(x) = x? — 2x + 3 is shown at y 
the right. Because a is positive, the parabola 
opens up. The vertex of the parabola is the 
lowest point on the parabola. It is the point 
that has the minimum y-coordinate. There- 
fore, the value of the function at this point is 
a minimum. 











Vertex 
(2) 


Minimum 
y-coordinate = 2 





—- X 
, y 
The graph of f(x) = —#? + 2x + Lis shown at vanes ie idl ha 
the right. Because a is negative, the parabola (1, 2) ycserdnakise 2 
opens down. The vertex of the parabola is the 
highest point on the parabola. It is the point Crosses 
g p p p at (0, I) 


that has the maximum y-coordinate. There- 
fore, the value of the function at this point is 
a maximum. 


To find the minimum or maximum value of a quadratic function, first find the 
x-coordinate of the vertex. Then evaluate the function at that value. 
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Fetter eg ee 
Find the maximum or minimum value of Find the maximum or minimum value of 
fO). = 25? = 32 1. Hs) = Bk? i4e 1 
Solution Your solution 
ey dee 
et ON 4 


f(x) = 2x? — 3x + 1 


3 3\q 3 Sap 
t=) 3/144 
fla) =) ~3G) 
Ss ea 
ase 8 
Because a is positive, the graph opens up. The 
function has a minimum value. 


: . | 
The minimum value of the function is art 


Solution on p. S33 





To solve application problems 


eee ene. Pat cs eee, ae od eh al Pe Bb csas003sisae dee satvasuessdtesteuttnenndanesee see ee 
es: 5 You Try It 5 

A mining company has determined that The height s, in feet, of a ball thrown 

the cost C, in dollars per ton, of mining straight up is given by the equation 

a mineral is given by the equation s(t) = —16t? + 64t, where t is the time in 

C(x) = 0.2x2 — 2x + 12, where x is the seconds. Find the time it takes the ball to 

number of tons of the mineral that are mined. reach its maximum height. What is the 

Find the number of tons of the mineral that maximum height? 


should be mined to minimize the cost. What 
is the minimum cost? 


Strategy Your strategy 
e To find the number of tons that will 

minimize the cost, find the x-coordinate of 

the vertex. 
° To find the minimum cost, evaluate the 

function at the x-coordinate of the vertex. 


Solution Your solution 


b 2 


ae 0D 


To minimize cost, 5 tons should be mined. 


C(x) = 0.2x? — 2x + 12 
C(5) = 0.2(5)? — 2(5) + 12 =5-104+ 12=7 


The minimum cost per ton is $7. 
Solution on p. S33 
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11.2 Exercises 


Objective A 





1. Describe (a) the vertex and (b) the axis of symmetry of a parabola. 


2. The axis of symmetry of a parabola is the line x = —5. What is the 
x-coordinate of the vertex of the parabola? 


3. The axis of symmetry of a parabola is the line x = 8. What is the 
x-coordinate of the vertex of the parabola? 


4. The vertex of a parabola is (7, —9). What is the equation of the axis of 
symmetry of the parabola? 


5. The vertex of a parabola is (—4, 10). What is the equation of the axis of 
symmetry of the parabola? 


Find the vertex and axis of symmetry of the parabola. Then sketch its graph. 


6. y= x? = 2x — 4 le ye xe 4x = 4 825 = ax 4 2 3 





ae 








1836 FG) x Sk 2 14.0 yee 2x2 46x. 
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1 
152 ya 16. DO a 








State the domain and the range of the function. 


18. f(x) =2x?-4x -5 19. f(x) =2x?+ 8x +3 


20. f(x) = —x? + 6x -9 21. f(x) =—-x?-4x-5 


Objective B 


@ 22. What are the x-intercepts of a parabola? 


Find the x-intercepts of the graph of the parabola. 


23. y=x?-4 24. y=x?-9 25.0 Y= 24 4x 

2620 yi = "3X" He OX 27, OVX = 8 ae 28. ¥ =x2i-2i= 8 
29. y=2x2-x-1 30. y = 2x2 — 5x - 3 31. y=x2+2x-1 
325 9 =a 45 — 3 33. y= x? + 6x + 10 34. 9 = —x* — 4x5 


Use the discriminant to determine the number of x-intercepts of the graph. 


Rb i = Vee arse Soul 36. y= 2x? + 2-1 37 icy ee ee 


38.0 y= —2x7 +x + 1 39. y =x? — 8x + 16 40. y =x? — 10x + 25 
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el ey ee 3k xe 72 2, Wy ee SIR 43. y=4x?-x-2 







Objective C 


@ 44. When does a quadratic function have a minimum value and when does it 
have a maximum value? 




















45. Does the function have a minimum or a maximum value? 
a. f(x) = -—x? + 6x -1 b. f(x) = 2x? - 4 c. f(x) = —5x7 +x 


46. Does the function have a minimum or a maximum value? 
a. f(x) = 3x* —2x +4 b. f(x) = -—x? +9 c. f(x) = 6x? = 3x 


Find the minimum or maximum value of the quadratic function. 


47. f(x) = x? — 2x + 3 48. f(x) =x2 + 3x - 4 49, f(x) = —2x2 + 4x — 3 
50. f(x) = —2x2 — 3x +4 51. f@) = 2x? + Ax 52 i Cinta 20 = oe 
Bee 2x + 4x = 5 54k) = 32° + xX — 0 55 fe) = i ee 


56. Which of the following parabolas has the greatest minimum value? 
ave 2x 3 bay =x 0 20) cc. = 3x7 6 


57. Which of the following parabolas has the greatest maximum value? 
a oe Pe 1 Ob ye 8k 2 a ae 8 


Objective D Application Problems 





58. A tour operator believes that the profit, P, from selling x tickets is given 
by P(x) = 40x — 0.25x?. Using this model, what is the maximum profit the 


tour operator can expect? 


59. The suspension cable that supports a small footbridge hangs in the 
shape of a parabola. The height in feet of the cable above the bridge is 
given by the function h(x) = 0.25x2 — 0.8x + 25, where x is the distance 
from one end of the bridge. What is the minimum height of the cable 


above the bridge? 
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60. The height s, in feet, of a rock thrown upward at an initial speed of 
64 ft/s from a cliff 50 ft above an ocean beach is given by the function 
s(t) = —16t? + 64¢ +50, where ¢ is the time in seconds. Find the maxi- 
mum height above the beach that the rock will attain. 


61. An event in the Summer Olympics is 10-meter springboard diving. In this 
event, the height s, in meters, of a diver above the water t seconds after 
jumping is given by s(t) = —4.9t? + 7.8t + 10. What is the maximum 
height that the diver will be above the water? Round to the nearest tenth. 


— oi 


62. A pool is treated with a chemical to reduce the amount of algae in the 
pool. The amount of algae in the pool t days after the treatment can be 
approximated by the function A(t) = 40? — 400¢ + 500. How many days 
after treatment will the pool have the least amount of algae? 


63. Some football fields are built in a parabolic mound shape so that water 
will drain off the field. A model for the shape of the field is given by 
h(x) = —0.00023475x? + 0.0375x, where h is the height of the field in feet 
at a distance of x feet from the sideline. What is the maximum height? 
Round to the nearest tenth. 


64. An equation that models the thickness h, in inches, of the mirror at tb 
the Palomar Mountain Observatory is given by 24 in. 


h(x) = 0.000379x? — 0.0758x + 24 


where x is measured in inches from the edge of the mirror. Find the 
minimum thickness of the mirror. 


Not to scale 


65. The fuel efficiency of an average car is given by the equation 
E(v) = —0.018v* + 1.476v + 3.4, where E is the fuel efficiency in miles per 
gallon and v is the speed of the car in miles per hour. What speed will yield 
the maximum fuel efficiency? What is the maximum fuel efficiency? 


66. The height s, in feet, of water squirting from a fire hose nozzle is given by 


; 1 2 : A é 
the equation s(x) = Tags + 2x + 5, where x is the horizontal distance, in 


feet, from the nozzle. How high on a building 40 ft from the fire hose will 
the water land? 





APPLYING THE CONCEPTS 


67. One root of the quadratic equation 2x? — 5x +k =0 is 4. What is the.- 


e 


other root? 


68. What is the value of k if the vertex of the parabola y = x? — oe is a 
point on the x-axis? 








boos 200 in, Sa 
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Graphs of Functions 


siWhy 
To graph functions C “o/ Sy NA, 


The graphs of the polynomial functions f(x) = mx + b (a straight line) and 
f(x) = ax? + bx +c, a # 0 (a parabola) have been discussed. The graphs of 
other functions can be drawn by finding ordered pairs that belong to the func- 
tion, plotting the points that correspond to the ordered pairs, and then drawing 
a curve through the points. 





=> Graph: F(x) = x3 


Select several values of x and evaluate the function. 


= 
“al 


‘those along the y-axis, 


the graph would appear 


“narrower 
ny A 


than the one ~ 





Plot the ordered pairs and draw a graph through the points. 


=> Graph: g(x) = x3 -— 4x 4+ 5 


Select several values of x and evaluate the function. 





Plot the ordered pairs and draw a graph through the points. 


Note from the graphs of the two cubic functions above that the shapes of the 
graphs can be different. The following graphs of typical cubic polynomial func- 
tions show their general shapes. 


As the degree of a polynomial increases, the graph of the polynomial function 
can change significantly. In these cases, it may be necessary to plot many 
points before an accurate graph can be drawn. Only polynomials of degree 3 


are considered here. 


y 
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=} Graph: f(x) = |x + 2| 


This is an absolute value function. 





> ‘ 
gre’ 


In general, the graph of the absolute value of a linear polynomial is V-shaped. 


™> Graph: R(x) = V2x — 4 


This is a radical function. Because the square root of a negative number is not 
a real number, the domain of this function requires that 2x — 4 = 0. Solve this 
inequality for x. 


nye = Al = (0) 
2x 24 
aC 2 


x = 2}. This means that only values of x that are greater than 





The domain is {x 


or equal to 2 can be chosen as values at which to evaluate the func- 
tion. In this case, some of the y-coordinates must be approximated. 





Recall that a function is a special type of rela- 
tion, one for which no two ordered pairs have the same 
first coordinate. Graphically, this means that the graph 
of a function cannot pass through two points that have 
the same x-coordinate and different y-coordinates. For 
instance, the graph at the right is not the graph of a 
function because there are ordered pairs with the same 
x-coordinate and different y-coordinates. 





This last graph illustrates a general statement that can'be made about whether a 
graph defines a function. It is called the vertical-line test. 


Vertical-Line Test 


A graph defines a function if any vertical line intersects the graph at no more than. 
one point. 
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[TAKE NOTE 


‘To determine the — 

i - domain, think GET, 
collapsing the graph 
_ onto the x-axis and 
i determining the interval | 
_ on the x-axis that the 
1 graph covers. To ¢ 
i _ determine the range, 

| think of ‘collapsing the 
graph onto the y-axis © 

i _ and determining the ; 
_ interval on the y-axis _ 
| that the graph covers. — 





] 
| 
| 
| 
| 





epee a 


i | 


f 


For example, the graph of a nonvertical 
straight line is the graph of a function. 
Any vertical line intersects the graph no 
more than once. The graph of a circle, 
however, is not the graph of a function. 
There are vertical lines that intersect 
the graph at more than one point. 
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There are practical situations in which a graph is not the graph of a function. 
Below is an example of such an application. 


One of the causes of smog is an inversion 
layer of air where temperatures at higher 
altitudes are warmer than those at lower 
altitudes. The graph at the right shows 
the altitudes at which various tempera- 
tures were recorded. As shown by the 
dashed lines in the graph, there are two 
altitudes at which the temperature was 
25°C. This means that there are two 
ordered pairs (shown in the graph) with 
the same first coordinate but different 
second coordinates. The graph does not 
define a function. 


Altitude (in feet) 





Degrees Celsius 


When a graph does define a function, the domain and range can be estimated 


from the graph. 


=> Determine the domain and range of 
the function given by the graph at the 
right. 


The solid dots on the graph indicate its 
beginning and ending points. 


The domain is the set of x-coordinates. 
Domain: {x|1 =x = 6} 


The range is the set of y-coordinates. 
Range: {y|2 <y = 5} 


= Determine the domain and range of 
the function given by the graph at the 
right. 


The arrows on the graph indicate 
that the graph continues in the same 


manner. 


The domain is the set of x-coordinates. 


x € real numbers} 





Domain: {x 


The range is the set of y-coordinates. 
Range: {y| -4 <y = 4} 
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oe erererssevesose ea RES 9 in age wo SLE Si COC CoCo OEE EO HHO EHE EEE ESOL EOSOUEH OSES ESE EEEEY 


Example 1 
Use the vertical-line test to determine whether 
the graph shown is the graph of a function. 


Solution 


A vertical line intersects 
the graph more than 
once. The graph is not 
the graph of a function. 





Example 2 
Graph f(x) = x3 — 3x. State the domain and 
range of the function. 


Solution 

domain: 

{x|x € real numbers} 
range: 

{y|y € real numbers} 





‘Example 3 


Graph f(x) = |x| + 2. State the domain and 
range of the function. 


Solution 

Te a domain: 

{ {x|x € real numbers} 
range: 

iv 2) 








Example 4 
Graph f(x) = V2 — x. State the domain and 
range of the function. 


Solution 
domain: {x|x < 2} 
range: {y|y = 0} 








Sew eerscovere sores osonesons 


You Try It 1 
Use the vertical-line test to determine whether 
the graph shown is the graph of a function. 


Your solution 
af 








You Try It 2 
Graph f(x) = 


range of the function. 


-5x3 + 2x. State the domain and 


Your solution 





Ke Try It 3 
Graph f(x) = |x + 2|. State the domain and 
range of the function. 


Your solution 











foo ee a 


Graph f(x) = —Vx — 1. State the domain and 
range of the function. 


Your solution 





Solutions on p. S33 
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11.3 Exercises 






Objective A 


Use the vertical-line test to determine whether the graph is the graph of a function. 














ip 2 3 
4. 5. 6. 
Graph the function and state its domain and range. 
poets) =13\2 — x1 8 f@) =x -1 Sh Ge) al ae 





EAE TOV et 
oy) 
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13. f(x) =x3 + 4x2 + 4x 1A) es ee 15. frSeahee 





16. L720 fO) Sx 18. 








APPLYING THE CONCEPTS 


195 alta) = Vx = 2ands(a)i= 44nd a: 
202 i fa) = Vx 5-and {(@) = 3, find a. 


21. (Gb) = the:sum of a and b 
g(a, b) = the product of a and b 
Find f(, 5) +2(2, 5). 


22. The graph of the function f is shown at the right. For this function, which - 
of the following are true? 


afi4dy=1 b. f(0)=3 «. f(—3) =2 


23. Let f(x) be the digit in the xth decimal place of the repeating decimal 


0.387. For example, f(3) = 7 because 7 is the digit in the third decimal 
place. Find f(14). 





24. Given f(x) = (x + 1)(x — 1), for what values of x is f(x) negative? Write 
your answer in set-builder notation. 


Via 
‘ 


25. Given f(x) = —|x + 3 





, for what value of x is f(x) greatest? 


26. Given f(x) = |2x — 2 





, for what value of x is f(x) smallest? 
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Algebra of Functions 


To perform operations on functions 






VIDEO. (oy Why 
So! «6 TUTOR. ~—s WEB SSM 


The operations of addition, subtraction, multiplication, and division of func- 
tions are defined as follows. 


Operations on Functions 


If fand g are functions and xis an element of the domain of each function, then 


(f + gx) = f(x) + glx) (f - gx) = f(x) - g(x) 
OY ght fyi ixt 
(f — g(x) = f(x) — glx) (=) ; xy #0 





=> Given f(x) = x2 + 1 and g(x) = 3x — 2, find (f + g)(3) and (f - g)(—1). 
Coe) = (3)ar 2(3) 
Sd) aarelihe(3(3)—-2] 
= 10 + 7 = i 
ae) a aay are( et) 
=e hile (3(— 2) 
=) 2)2(=5) = +10 


Consider the functions f and g from the last example. Let S(x) be the sum of 
the two functions. Then 
S(x) = Of + g(x) = fx) + ge) ¢ The definition of addition of functions 

=e Ler (3x = 2) © f(x) = x? + 1, g(x) =3x—2 
Soa ok 


Now evaluate S(3). 
S(3) = (3)? + BG) il 
=9+9-4 

= 17 = (f + g)(3) 


Note that S(3) = 17 and (f + g)(3) = 17. This shows that adding f(x) + g(x) 
and then evaluating is the same as evaluating f(x) and g(x) and then adding. 
The same is true for the other operations on functions. For instance, let P(x) be 
the product of the functions f and g. Then 


P(x) = (f - g(x) = fx) - eg) 
tga (3x72) 
= 3x2 — 2x4 + 3x -— 2 
3(—1)3 2 2(—1? + 3(-1) - 2 
23 = 23-712 
Gra? © Note that P(—1) = —10 and (f+ g)(—1) = —10. 


II 


PGsh) 
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> Given f(x) = 2x? — 5x + 3 and g(x) = x? — 1, find (E)a. 





: fC) 
a Jo ys 
AG are oi oe WE 
= yea “6 e Not a real number 


0 : 3 
Because A is not defined, the expression (EJ) cannot be evaluated. 


PL POPS H eee O HOSED SHOE HEHEHE EHEE ROE OE EEO SHEE SOS ES ESE SOHO SH SOS OHSS ESSE SEO ES EE EEEEO SOI DES EHOSESETOSH TEESE EE SOSE OHH EH EO TEESE LOSES O HOSE OH EH ESE ES SSSEEESSEESHOSESESOOS 


id Lesarpis 1 FYou Try It 1 
Given f(x)="x2 — x +) land g(x) =? — 4,find Given f(x) = x2 + 2x and g(x) = 5x — 2, 
Cie 3): find (f + g)(—2). 
Solution Your solution 


Carre (3) = (3) 2) 
= (32-3 + 1) - (33-4) 


av yA) 
= —16 
(f — g)G) = —16 
SEAEREE Otc Pe NPR dP EE ERCP Oe ea Aree ee Boke BE | DRPRRER Pera omer ree merken | 
lExample 2 = You Try It 2 
Given f(x) = x? + 2 and g(x) = 2x + 3, find Given f(x) = 4 — x? and g(x) = 3x — 4, 
(ee )G=2): find (f - g)(3). 
Solution Your solution 
Vie 2) e-2 ef E=2 i o(=2) 
= 2) 2P l= 2) a S| 
oi) 
=-6 
Gage) = =e 
eins CO cee cceecsccenccovescccreecccccccuccceceeccseececsvcsoccescocete lyochune ee eee Sale eelew'eln'ajels aleis(e'eeeiaiplsicice(ssicia’ 
Given f(x) = x? + 4x + 4 and g(x) = x3 — 2, Given f(x) = x? — 4 and (x) SW ahh Be I 
find (£)0a). find ({)@). 
Solution Your solution 
(E Je ye) 
g(3) 
_ 3? +4(3)+4 
Sirs 
Bos ' 
‘ 
=1 
f\(3) = 
Yor 


Solutions on pp. S33—S34 
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Objective B To find the composition of two functions 
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Pte 

Gam 

A function can be evaluated at the value of another function. Consider 
faces an7 and efx) =x? +1 

The expression f[g(—2)] means to evaluate the function f at g(—2). 


eC?) Sache )es tik seiAysiael fei 
fLe(—2)] = f(5) = 265) + 7 = 104+ 7 = 17 





Definition of the Composition of Two Functions 


Let fand g be two functions such that g(x) is in the domain of f for all x in the domain of g. 
Then the composition of the two functions, denoted by fo g, is the function whose value at 
xis given by (f° g)(x) = f[g(x)]. 





The function defined by f[g(x)] is called the composite of f and g. 


The function machine at 
the right illustrates the com- 
position of two functions, 
e() = 22 and f(x) =i2x. Note 
that a composite function 
combines two _ functions. 
First one function pairs an 
input with an output. Then 
that output is used as the 
input for a second function, 
which in turn produces a 
final output. 





(fog)(x) = flg(x)] 


The requirement in the definition of the composition of two functions that g(x) 
be in the domain of f for all x in the domain of g is important. For instance, let 








f(x) = a and) ' 2X) ="3x =" 5 
When x = 2, 
2) =32) 3-1 
fle(2)] = fC) = 5 s i= 7 © This is not a real number. 


In this case, g(2) is not in the domain of f. Thus the composition is not defined 
AL 2. 


=™ Given f(x) =x*7-—x +1 and g(x) = 2x? — 10, evaluate (g of )(2). 
(Qae(2Z 22) ha 7 
(g°f)(2) = glf2)] 
= 27) 
2(7)2 — 10 = 88 
88 


(g °f)(2) 
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™® Given f(x) = 3x — 2 and e() = x?\— 2x, find Gee): 


(f° g)() = fle(x)] = 3(x? — 2x) — 2 
6302 6x — 2 


When we are evaluating compositions of functions, the order in which the func- 
tions are applied is important. In the two diagrams below, the order of the square 
function, g(x) = x*, and the double function, f(x) = 2x, is interchanged. Note that 
the final outputs are different. Therefore, (g °f)(x) 4 (f° g)(x). 


see oneal 





SOOO OOGOOU GOO CO OOOO OOOO OOOO SCO NSO! OCC CE CCS ONO SOO CCOOOOOOOCOOOOOOOOCCOOCCE COCO OOOROICOOCC ACOA SCM Sm Eran rrrr nicer 


Example 4 You Try It 4 
Given f(x) = x? — x and g(x) = 3x — 2, find Given f(x) = 1 — 2x and g(x) = x2,-find 
flg(3)I. fligt-a)}- 
Solution Your solution 
ACN Shia 
2(3) = 36) = 2=9=2=7 
RCD Sg ae 


flg(3)] = f(7) = 72 — 7 = 42 


Here 5 “You Try It 5 ci 
Civems@) = + 3f— Wandw(i)i=127,-1, Given L(s) = s + 1 and M(s) = s3 + 1, 
determine s[v(t)]. determine M[L(s)]. 

Solution Your solution 


SQ) = 12 esr 
SOAD = (ra) 32 4 1) 4 
=4°+4++1+6t+3-1 
= 4f? + 10 + 3 | 


Solutions on p. S34 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


11.4 Exercises 





Objective A 


For f(x)-= 2x? — 3 and g(x) = —2x + 4, find: 


Te = 22) 2. (f -— g)Q3) 
4 (f+ 2)Q) Deny e2)(2) 
i ") 

7. (=|(4 (EI 
¢ (4) 8 5 t-y 
Bens tc) = 207 + 3x— 1 and g(x) = 2x-— 4, find: 
10. (f+ g)(-3) 11. (Gf + 20) 
13. (f-g)(4) fA re) 2) 
16. He L iae 
ig § 


Borctay—= x + 3x — 5 and g(x) = x2 — 2x + 3, find: 


19. (f — g)(2) 20. (f: g)(—3) 


Objective B 
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(f + g)(0) 


Ge) ew) 


+ (iho 


{2. 


15. 


18. 


Zi. 


Givens (x) = 2x — 3 andig(x) = 4x — 1, evaluate the composite function. 


22. fL[g(0)] 23. gif(0)] 


25. elf(-2)] 26. flg(x)] 


24. 


Dik 


Cpa), 


(fee) 


1 
(Gis (5) 


a 


flg(2)] 


elf(x)] 
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Given h(x) = 2x + 4 and f(x) = > + 2, evaluate the composite function. 


28. (hef)(0) 29. 


31. (feh)(-1) BD, 


Given f(x) = x? + x + 1 and h(x) = 3x + 2, evaluate the composite function. 


34. (f°h)(0) 35. 


37. (hef)(—2) 


Given f(x) = x — 2 and g(x) = x3, evaluate the composite function. 


40. (f°g)(2) ale AG S)( 1) 42. 
43 er 1) 44. (f° g)(x) 45. 
APPLYING THE CONCEPTS 

For the function g(x) = x? — 1, find: 

46. 2(2 +h) 


49. g(1 + h) — g(1) 50. g(—2 + h) — g(-2) 





ia ,, 51. 


Given f(x) = 2x, g(x) = 3x — 1, and h(x) = x — 2, find: 


52. f(glh(2)) 


55. f(Alg(0)]) 


(f° h)(O) 30. 


(ho f )(x) 33. 


(he f )(0) 36. 


38. (feh)(x) 39. 


47. 23 +h) = 2G) 48. 


53. e(hf(1)]) 34. 


56. f(glh(x)]) 57. 


(he f)(2) 


(feh)x) 


Cf Ht) 


(he f)() 


(g of )(2) 


(g°f)(@) 


g(-1 + h) - g(-1) 


g(a + h) — g(a) 
h 


A(elf(-1))) 


g(f[hx))) 
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11.5 


“TAKE NOTE 


Recall that a function is 
a set of ordered pairs in 
which no two ordered 


- pairs have the same first — 


- coordinate. A 1-1 


- function is a function in 


_ which no two ordered 
_ pairs have the same 


- second coordinate. 
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One-to-One and Inverse 
Functions 


To determine whether a 
function is one-to-one 





VID 





Recall that a function is a set of ordered pairs in which no two ordered pairs 
that have the same first coordinate have different second coordinates. This 
means that given any x, there is only one y that can be paired with that x. A 
one-to-one function satisfies the additional condition that given any y, there 
is only one x that can be paired with the given y. One-to-one functions are 
commonly written as 1-1. 


One-to-One Function 


A function f is a 1-1 function if, for any a and bin the domain of f, f(a) = f(b) implies 
that a = b. 





This definition states that if the y-coordinates of an ordered pair are equal, 
f(a) = f(b), then the x-coordinates must be equal, a = b. 


The function defined by f(x) = 2x + 1 is a 1-1 function. To show this, deter- 
mine f(a) and f(b). Then form the equation f(a) = f(b). 


fla) = 2a+1 f(b) = 2b+1 
f(a) = f(b) 
2a+1=2b+ 1 
2a = 2b ¢ Subtract 1 from each side of the equation. 
a=b ¢ Divide each side of the equation by 2. 


Because f(a) = f(b) implies that a = b, the function is a 1-1 function. 


Consider the function defined by g(x) = x? — x. Evaluate the function at —2 and 3. 
[Al af) pce eed) ically 4 aX) g(3) = 32-3 =6 
From this evaluation, g(—2) = 6 and g(3) = 6, but —2 # 3. Thus g is not a 1-1 


function. 


The graphs of f(x) — 2x + 1 and g(x) = x? — x are shown below. Note that a 
horizontal line intersects the graph of f at no more than one point. However, a 
horizontal line intersects the graph of g at more than one point. 




















f(x) =2x41 
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Looking at the graph of f on the previous page, note that for each y-coordinate 
there is only one x-coordinate. Thus fis a 1-1 function. From the graph of g, how- 
ever, there are two x-coordinates for a given y-coordinate. For instance, 
(—2, 6) and (3, 6) are the coordinates of two points on the graph for which the 
y-coordinates are the same and the x-coordinates are different. Therefore, g is not 
a 1-1 function. 


Horizontal-Line Test 


The graph of a function represents the graph of a 1-1 function if any horizontal line 
intersects the graph at no more than one point. 





COC M ROCCE OCTET EHS OE EEE OE HERE EES 
SHO OH HHH HEEL EH ESHER SESH OSTEO EERE O SETS DES ET OEE DE EHHEHOH OE ESSE EESTO THOS ES HOES EHS EE HERE OCHRE ET HSE HEHEHE HOES EHEC E DEOL EES ES EEOS 


Example 1 You Try It 1 
Determine whether the graph is the graph Determine whether the graph is the graph 
of a 1-1 function. of a 1-1 function. 





Solution Your solution 
Because a horizontal line intersects the graph 

more than once, the graph is not the graph of a 

1-1 function. 


Solution on p. S34 


F ) NW i 
Objective B To find the inverse of a function aA > a D. 


The inverse of a function is the set of ordered pairs formed by reversing the 
coordinates of each ordered pair of the function. 


For example, the set of ordered pairs of the function defined by f(x) = 2x with 
domain {—2, = 180 1,02 Wis (aa), (=1, —2), (0, 0); (2); @+-4)1 sThessenon 
ordered pairs of the inverse function is {(—4, —2), (42, =1), (0) 0), 2a Gaon 


From the ordered pairs of f, we have 

domain = {—2, —1, 0, 1, 2} and rage [4-2 Uae 
From the ordered pairs of the inverse function, we have 

domain = {—4, —2, 0, 2, 4} and range = 2, 1 Oe) 
Note that the domain of the inverse function is the range of the original function, 
and the range of the inverse function is the domain of the original function. 
Now consider the function defined by g(x) = x2 with domain b=2p— Ome 
The set of ordered pairs of this function is {(—2, 4), (18D, OOK p ys Ora), 
Reversing the ordered pairs gives {(4, —2), (1, =) (0-0), Cll) Ame eee 
ordered pairs do not satisfy the condition of a function, because there are 


ordered pairs with the same first coordinate and different second coordinates. 
This example illustrates that not all functions have an inverse function. 
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| TAKE NOTE 
It is important to 
- remember that f~!is the | 
_ symbol for the inverse 
_ function and does not 
denote reciprocal. 


1 
ap 
fx) # Fe) 


TAKE NOTE 
"If the ordered pairs of f 
are given by (x,y), then 
_ the ordered pairs of f~! 
' are given by (y,x).That 
_ is, x and y are inter- 

changed. This is the 
- reason for Step 2 at 

the right. 


i 


domain of f range of f 
range of f—! domain of f~! 
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The graphs of f(x) = 2x and 
g(x) = x? with the set of real 
numbers as the domain are 
shown at the right. 








By the horizontal-line test, 
f is a 1-1 function but g is 
not. 











Condition for an Inverse Function 


A function f has an inverse function if and only if f is a 1-1 function. 





The symbol f~! is used to denote the inverse of the function f. The symbol pee) 
is read “f inverse of x.” 


f~'(x) is not the reciprocal of f(x), but rather is the notation for the inverse of a 
1-1 function. 


To find the inverse of a function, interchange x and y. Then solve for y. 


= Find the inverse of the function defined by f(x) = 3x + 6. 


f(x) = 3x + 6 
y= 3x+6 . © Replace f(x) by y. 
x= 3y+6 e Interchange x and y. 
x— 6 = 3y © Solve for y. 
= ae) 
i ee > oo © Replace y by f~(x). 


3 1 
The inverse of the function f(x) = 3x + 6 is given by f~1(x) = se 2 


The fact that the ordered pairs of the inverse of a function are the reverse of 
those of the original function has a graphical interpretation. In the graph in the 
middle, the points with the coordinates reversed from the first graph are plotted. 
The inverse function is graphed by drawing a smooth curve through those 
points, as shown in the figure on the right. 























Note the dashed graph of y = x that is shown in the figure on the right. If two 
functions are inverses of each other, their graphs are mirror images with respect 


to the graph of the line y = x. 
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The composition of a function and its inverse have a special property. 





Property of the Composition of Inverse Functions 


fT =x and ffs * 


This property can be used to determine whether two functions are inverses of 
each other. 


=> Are f(x) = 2x — 4and g(x) = xx + 2 inverses of each other? 


To determine whether the functions are inverses, use the Property of the Com- 
position of Inverse Functions. 


fteco = 2[5x + 2) -4 elf] = 5x - 4) +2 
soi dis 4 ee 
225 = 


Because f[g(x)] = x and g[f(x)] = x, the functions are inverses of each other. 


COO O em OOOOH OCHO EEE EH EEO E OEE TOTES OOO LS POO O CEO E OOOO EH SEE OCECOOS EES ESOS SEES SESS OEE OOD ECE O OEE SOE OES EEe eT eS Ee eseEeeeeeeCe 


I Example 2 = You Try It 2 
Find the inverse of the function defined by Find the inverse of the function defined by 
f(x) = 2x —- 3. f(x) =5x +4, 
Solution Your solution 
Co 2 3 
y =2x - 3 © Replace f(x) by y. 
x=2-3 e Interchange x and y. 
ae Dy © Solve for y. 
et ae 
TE Oe as 
3 
jm)e= : oo > © Replace y by f~"(x). 


The inverse of the function is given by 


2 1 3 
Sire acne & 
f(x) = = ee 
fies oe og ese "aga he age 
Are f(®) = 3x-— 6 and ¢@) = 3x +2 Are f(x) = 2x — 6 and ex) = ox =¢ 


inverses of each other? 


Solution 


fle) =3[3x+2]-6=2+6-6=x 


inverses of each other? 


Your solution 


gifs) =>Gx- 6) +2=x-24+2=% 


Yes, the functions are inverses of each other. 


Solutions on p. S34 
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11.5 Exercises 





Objective A 


fi. What is a. l=! function? 
Sy 2. What is the horizontal-line test? 


Determine whether the graph represents the graph of a 1-1 function. 


3. 


12. 
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Objective B 


@ ts. What is the inverse of a function? 


“16. Why is it that not all functions have an inverse function? 


. . . . . \ 
Find the inverse of the function. If the function does not have an inverse func- 
tion, write “no inverse.” 





17. 5G, 0); 4253), GC, 8), 4, 15) 18. {(1, 0), @, 1), (1, 0), @2,0)} 

i, FESS. Bye ome Jo. [(-5, =5), (3, 1), 

2A (Ova) (al), 3) 4G) 22.) (2p 2) (0,0), (Qe) eae a 

ED OES Oy OORT 24. {(2, 0), (1, 0), (3, 0), (4, 0)] 

Find f-"(x). 

Dey G\ eae = 3 YA HR = LG 27, Gy a 

DRM) = es 29. f(x) =3 = 20 (Gye = +2 

SIG) So, 2 32) Gs Bene ox +4 

34. f(x) =Sx-4 Bt, pl | at ss 
3 2 
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Sie 2 5 38. y= on 4 39. f(x) = 5x -2 


40. f(x) =4x -2 41. f(x) = 6x — 3 42. f(x) = —-8x +4 


Given f(x) = 3x = 5, find: 


43. f-'(0) 44. f—(2) 45. f-'(4) 


State whether the graph is the graph of a function. If it is the graph of a func- 
tion, does it have an inverse? 
46. 


47. 48. 




















Use the Property of the Composition of Inverse Functions to determine 
whether the functions are inverses of each other. 


49. f(x) = 4x; g(x) = a 50) 2) =< O; 1) =e) 
Bie f@) = 3x4;h() = =" SD eK) = iu LHe) Zeek 
bane by WbiCges amenities) Sox = 
Bare Nl 30 ea 3° 3 . A(x) = 4x a6 7 Fi 
eae BO ee 
55. f(x) = 5% — 5) CO aaG 3 ecu 5 5" 
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APPLYING THE CONCEPTS 


Given the graph of the 1-1 function, draw the graph of the inverse of the func- 
tion by using the technique shown in Objective B of this section. 


57. Dg. 








60. 62. 








Each of the tables below defines a function. Is the inverse of the function 
a function? Explain your answer. 


63. Grading Scale Table O64. First-Class Postage 


()— 7 j pore 2 





If fis a 1-1 function and f(0) = 1, f(3) = -1, and f(5) = —3, find: 


65. f-1(—3) 66. f-'(—1) 67. f-(1) 


If fis a 1-1 function and f(—3) = 3, f(—4) = 7, and f(0) = 8, find: 


68. f-1(3) 69. f-1(7) 70. f-(8) 


\ 
\ 


71. Is the inverse of a constant function a function? Explain your answer. 


72, The graphs of all functions given by f(x) = mx + b,m # 0, are straight 
lines. Are all of these functions 1-1 functions? If so, explain why. If not, 
give an example of a linear function that is not 1—1. 
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Objective A 





: athematics and 
philosophy at the Museum in 
Alexandria, the most 
distinguished place of learning 
in the world. One of the topics 
on which Hypatia lectured was 
conic sections. One historian 
has claimed that with the death 
(actually the murder) of 
Hypatia, “the long and glorious 
history of Greek mathematics 
was at an end.” 
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Conic Sections 


To graph a parabola 





° s raps 
TUTOR WEB SSM 


The conic sections are curves that can be constructed from the intersection of 
a plane and a right circular cone. The parabola, which was introduced earlier, is 
one of these curves. Here we will review some of that previous discussion and 
look at equations of parabolas that were not discussed before. 











Vertex 
~~ Axis of 
| symmetry 








Every parabola has an axis of symmetry and a vertex that is on the axis of sym- 
metry. To understand the axis of symmetry, think of folding the paper along that 
axis. The two halves of the curve will match up. 


The graph of the equation y = ax? + bx + c, a # 0, is a parabola with the axis of 
symmetry parallel to the y-axis. The parabola opens up when a > 0 and opens 
down when a < 0. When the parabola opens up, the vertex is the lowest point on 
the parabola. When the parabola opens down, the vertex is the highest point on 
the parabola. 


The coordinates of the vertex can be found by completing the square. 
> Find the vertex of the parabola whose equation is y = x? — 4x + 5. 


y= x= Ax +S 

y= Ga aa Ss e Group the terms involving x. 

y= (x%— 4x + 4) — A 5 e Complete the square on x? — 4x. Note that 4 is 
added and subtracted. Because 4 — 4 = 0, 
the equation is not changed. 

Vue =e 2)o sr | e Factor the trinomial and combine like terms. 


The coefficient of x? is positive, so the parabola 
opens up. The vertex is the lowest point on 
the parabola, or the point that has the least 
y-coordinate. 











Because (x — 2)? = 0 for all x, the least y-coordi- 240520 

nate occurs when (x — 2)? = 0, which occurs iota Db olin 
when x = 2. This means the x-coordinate of the vi 
vertex is 2. 


To find the y-coordinate of the vertex, replace x in y = ( — 2)? + 1 by 2 and 
solve for y. 


Viet and) ed 
Sie — 2) I= I 


The vertex is (2, 1). 
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s0lden Gate bridge, hang in 
the shape of a parabola. 
Parabolic shapes are also used 
for mirrors in telescopes and in 
certain antenna designs. 


By following the procedure of the last example and completing the square on the 


c : b 
equation y = ax? + bx + c, we find that the x-coordinate of the vertex is a 


The y-coordinate of the vertex can then be determined by substituting this value 
of x into y = ax? + bx + c and solving for y. 


Because the axis of symmetry is parallel to the y-axis and passes through the ver- 


: 3 ; b 
tex, the equation of the axis of symmetry is x = ae 


eae e 


=» Find the vertex and axis of symmetry of the parabola whose equation is 
y =.—3x* + 6x + 1. Then sketch its graph. 


i 6 e Find the x-coordinate of the vertex and 
x-coordinate: -— = -—— 


2a 23) 7 the axis of symmetry, a = —3, b= 6. 


The x-coordinate of the vertex is 1. 
The axis of symmetry is the line x = 1. 


To find the y-coordinate of the vertex, replace x by 1 and solve for y. 


y = —3x* + 6x + 1 
=3(1)* oC )e i 4 


The vertex is (1, 4). 
Because a is negative, the parabola opens down. 


Find a few ordered pairs and use symmetry to 
sketch the graph. 





=» Find the vertex and axis of symmetry of the parabola whose equation is 
y = x* — 2. Then sketch its graph. 


oecaondiniate ue — 0 26 e Find tie x-coordinate of the vertex and 
2a 2(1) the axis of symmetry. a = 1, b = 0 


The x-coordinate of the vertex is 0. 
The axis of symmetry is the line x = 0. 


To find the y-coordinate of the vertex, replace x by 0 and solve for y. 


y == x2 = DQ 





The vertex is (0, —2). 


Because a is positive, the parabola opens up. 


Find a few ordered pairs and use symmetry to 
sketch the graph. 
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The graph of an equation of the form y 
x = ay? + by + c,a # 0, is also a parabola. In this Axisof 
case, the parabola opens to the right when a is pos- oe ae 
itive and opens to the left when a is negative. - 









as 
Vertex 






For a parabola of this form, the y-coordinate of the 





‘ b c 
vertex is —>~. The axis of symmetry is the line 
b 


20 





Using the vertical line test, the graph of a parabola of this form is not the graph 
of a function. The graph of x = ay? + by + c is a relation. 


=> Find the vertex and axis of symmetry of the parabola whose equation is 
x = 2y? — 8y + 5. Then sketch its graph. 


y-coordinate: —— = — One 5 ¢ Find the y-coordinate of the vertex and 


2a Oh the axis of symmetry. a = 2, b = —8 


The y-coordinate of the vertex is 2. 
The axis of symmetry is the line y = 2. 


To find the x-coordinate of the vertex, replace y by 2 and solve for x. 


x = 2y? =—8y"> 5 
= 20)? — 82) +5 =—3 


The vertex is (—3, 2). 





Since a is positive, the parabola opens to the 
right. 





Find a few ordered pairs and use symmetry to 
sketch the graph. 


=> Find the vertex and axis of symmetry of the parabola whose equation is 
x = —2y? — 4y — 3. Then sketch its graph. 


at! ¢ Find the y-coordinate of the vertex and 


p coera sate "5a ee 2(+2) ‘a the axis of symmetry. a= —2, b= —4 


The y-coordinate of the vertex is —1. 
The axis of symmetry is the line y = —1. 


To find the x-coordinate of the vertex, replace y by —1 and solve for x. 


KS 2yt— Ay — 3 








APA aes a aa ik wae 
The vertex is (—1, —1). es ~ iD 
Because a is negative, the parabola opens to the - 4 = ol. 2 
left. ; - Pe 
Find a few ordered pairs and use symmetry to ie 


sketch the graph. 
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CO ee eee Hees o se eseusreeseessHESEEesND 
POC CO EHO SEEEED SOTO E SHES TERED ES EE ESTES ODETTE SH SESE HEHEHE HOTS ESOS TESES SEES USEEE FHSHETESEOSSTEOOUEEHDEOSEEHOHEHSEEEOEEES OBES 





Example 1 You Try It 1 
Find the vertex and axis of symmetry of the Find the vertex and axis of symmetry of the 
parabola whose equation is y = x? — 4x + 3. parabola whose equation is y = x? + 2x + 1. 
Then sketch its graph. Then sketch its graph. 
Solution Your solution 

b —4 
a ee 'D 

2a 2(1) 
axis of symmetry: 

x=2 

y= 2? — 4(2) +3 

=-] 
vertex: (2, —1) 
Example 2 You Try It 2 
Find the vertex and axis of symmetry of the Find the vertex and axis of symmetry of the 
parabola whose equation is x = 2y? — 4y + 1. parabola whose equation is x = —y? — 2y + 2. 
Then sketch its graph. Then sketch its graph. 
Solution Your solution 
UF ae 

2a 2(2) 
axis of symmetry: 

ead 

= 20)? = 40) 41 


=-1 
vertexn(= 1. 1) 








i 3 You Try It 3 
Find the vertex and axis of symmetry of Find the vertex and axis of symmetry of the 
the parabola whose equation is y = x? + 1. parabola whose equation is y = x2 — 2x — 1. 
Then sketch its graph. Then sketch its graph. 
Solution Your solution 
b 0 
=-——— SS 0 
2a Cis) 
axis of symmetry: 
x=0 
ye= 024" I 


= 1 


vertex: (0, 1) 





Solutions on p. S34 
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Objective B 
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A circle is a conic section formed by the intersection of a cone and a plane 


parallel to the base of the cone. 
Z>—radius 
center 
x 


Na 


To find the equation of a 
circle and to graph a circle 








A circle can be defined as all points (x, y) in the plane that are a fixed 
distance from a given point (h, k) called the center. The fixed distance is the 
radius of the circle. 


The Standard Form of the Equation of a Circle 


Let rbe the radius of a circle and let (h, k) be the coordinates of the center of the circle. 
Then the equation of the circle is given by 


(c= he ly Kt 





= Sketch a graph of (x — 1)? + (y+ 2 =9. 


(il)? ly — 2) |? = 32 ¢ Rewrite the equation in standard form. 
center: (1, —2) radius: 3 





=> Find the equation of the circle with radius 4 and center (—1, 2). Then sketch 
its graph. 


(x -h?+(y-kP=r © Use the standard form of the equation 
of a circle. 
[x -(-1)]}?2 + (y -27? =# e Replace r by 4, A by —1, and k by 2. 
(x + 1)? + (y — 2)? = 16 


e Sketch the graph by drawing a circle 
with center (—1, 2) and radius 4. 





peara iahenr yp itiioimuetane sar aa jeeeececececencccceeescccesesscccscsccsssecucscccsesesssesescssessarssssseesees 
Example 4 ip hoe ~ You Try It 4 
_ Sketch 2 a graph of 4 Be =P (y —4 = 4. Sketch a graph of (x — 2)? + (y493)? = 9 
Solution = hk Your solution 
(x — hy? + (y - aoe = 
ESOP to 1) ee 
center: (h, k=(- a sy fe 
ao pee 


me a es 
penimeaevioeets ves] pitceeeeeseeeseesseneeeseseuteseseneecseaessceaeeeeeerersseecssseecesansceee . 
EExample 5 © "¢ G na! 4 “You Try t5 
Find the equation of the circle with ’ Find the equation of the circle with 
radius 5 and bes Gals 3). Then re radius 4 and center (2, —3). Then sketch 
its graph. ar its graph. 


Solution ~ 7 ' Younsotttion 
eee ek a4 
ere = 3) see" 
Cael (ye B= SIDS. 


Solutions on p. S34 
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Objective C To graph an ellipse with center at the origin 


by which the early Greeks 
analyzed the conics caused a 
certain area in the construction 
of the ellipse to be less than 
another area (deficient). The 
word ellipsis in English, which 
means “omission,” has the 
same Greek root as the word 
ellipse. 
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Oo a & 
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The orbits of the planets around the sun are “oval” shaped. This oval shape can 
be described as an ellipse, which is another of the conic sections. 








There are two axes of symmetry for an ellipse. The intersection of these two 
axes is the center of the ellipse. 


An ellipse with center at the origin is 
shown at the right. Note that there are two 
x-intercepts and two y-intercepts. 





The Standard Form of the Equation of an Ellipse with Center 
at the Origin 

x2 2 
The equation of an ellipse with center at the origin is = a Tg 1 


The x-intercepts are (a, 0) and (—a, 0). The y-intercepts are (0, b) and (0, — 5). 





By finding the x- and y-intercepts of an ellipse and using the fact that the 
ellipse is “oval” shaped, we can sketch a graph of the ellipse. 


2 2 
=> Sketch the graph of the ellipse whose equation is a va a = 1. 
2 2 2 2 
Comparing a + = =iiwaith Z + oe = 1, we have a? = 9 and b? = 4. 


Therefore, a = 3 andb = 2. 


The x-intercepts are (3, 0) and (—3, 0). 
The y-intercepts are (0, 2) and (0, —2). 


Use the intercepts to sketch a graph of 
the ellipse. 





Using the vertical-line test, we find that the graph of an ellipse is not the graph 
of a function. The graph of an ellipse is the graph of a relation. 
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32 2 


ne : 
Sketch a graph of the ellipse whose equation is 16 + = = 1 
Point of Interest The x-intercepts are (4, 0) and (—4, 0). ° a? = 16, b? = 16 
Foe and The y-intercepts are (0, 4) and (0, —4). 
thus > = 1. Early Greek 
astronomers thought that A © Use the intercepts and symmetry to 


each planet had a circular orbit. sketch the graph of the ellipse. 


Today we know that the planets 
have elliptical orbits. However, 
in most cases the ellipse is very 
nearly a circle. 





For Earth, ‘ =~ 1.00014. The 


most elliptical orbit is Pluto’s, 








for which - ~ 1.0328. 


2 2 
; y 
an ellipse. It occurs when a? = b? in the equation — + Be =1 

o Example 6 You Try It 6 

Sketch a graph of the ellipse whose Sketch a graph of the ellipse whose 

2 2 2 2 
; : ; nee 
equation is C a Fe = |. equation is us + BE = 1. 
Solution Your solution 


x-intercepts: 
(3; 0) and (—3, 0) 


y-intercepts: 
(0, 4) and (0, —4) 





ee ecimdn ein cinis a = 20S C10\0/0 210,00 010 C/0\8)9/0 010,00. 010:0;c\0 © 010, 4)0,0/0.0\0 :6'0)6,4)6.0|6 © 0:0 0.4:410 010 v e\c\0 cleicle Mp 0\6;0'616'0\0(0/5.010.6'0)6:eleis'e.0.0\6'a/0u)enie/6 sini e\s e\eisis's «016 el6\e1016 o elsieivielnlsiateieia icici s'md a aie ale ED 


"Example 7 “You Try It 7 
Sketch a a of the ellipse whose Sketch a graph of the ellipse whose 
2 2 2 
: : iy. : : iy 
t + --=], ee 
equation is OG equation is 18 + 9 i 
Solution Your solution 


x-intercepts: 

(4, 0) and (—4, 0) 
y-intercepts: 

(0, 2V3) 

and (0, —2V3) 
(2V3 ~ 3.5) 





Solutions on pp. S34—S35 
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Objective D To graph a hyperbola with center at the origin 


word yperboli, 

) means “exceeding.” The 
ethod by which the early 
Greeks analyzed the conics 
caused a certain area in the 
construction of the hyperbola 
to be greater than (to exceed) 
another area. The word 
hyperbole in English, meaning 
“exaggeration,” has the same 
Greek root as the word 
hyperbola. 


a. 


The word asymptote comes 
from the Greek word 
asymptotos, which means 
“not capable of meeting.” 
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A hyperbola is a conic section that is formed by the intersection of a cone and a 
plane perpendicular to the base of the cone. 





y 





The hyperbola has two vertices and an axis of symmetry that passes through 
the vertices. The center of a hyperbola is the point halfway between the two 
vertices. 


The graphs at the right show two 


y y 
possible graphs of a hyperbola with 
center at the origin. 
In the first graph, an axis of sym- < mes 
metry is the x-axis and the vertices 
are x-intercepts. 


In the second graph, an axis of sym- 
metry is the y-axis and the vertices 
are y-intercepts. 





Note that in either case, the graph of a hyperbola is not the graph of a function. 
The graph of a hyperbola is the graph of a relation. 


The Standard Form of the Equation of a Hyperbola with 
Center at the Origin 


The equation of a hyperbola for which an axis of symmetry is the X-axis IS 
2 


Mees 


mac 1. The vertices are (a, 0) and (—a, 0). 
The equation of a hyperbola for which an axis of symmetry is the y-axis Is 
2 


Vex 
ao ve = 1. The vertices are (0, b) and (0, — 5). 





To sketch a hyperbola, it is helpful to draw two 
lines that are “approached” by the hyperbola. 
These two lines are called asymptotes. As a point 
on the hyperbola gets farther from the origin, the 
hyperbola “gets closer to” the asymptotes. 


Because the asymptotes are straight lines, their 
equations are linear equations. The equations of 
the asymptotes for a hyperbola with center at 








rie b b 
the origin are y = 7x and y = —~x. 
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eo 
Point of Interest * Sketch a graph of the hyperbola whose equation is at = ah t 


Hyperbolas are used in LORAN 
(LOng RAnge Navigation) asa 
method by which a ship’s 
navigator can determine the 
position of the ship, as shown 
in the figure below. They are 
also used as mirrors in some 
telescopes to focus incoming 
light. 


b? =9,a2=4 





i Example 8 
Sketch a graph of the hyperbola whose 
2 2 


2 a y 
t <==], 
equation 1S 16 4 


Solution 
axis of symmetry: 
X-axis 


vertices: 
(4, 0) and (—4, 0) 


asymptotes: 


1 
y = 5% and y = —Se 


| Example 9 
Sketch a graph of the hyperbola whose 
ae em 
equation is tee sk ile 


Solution 
axis of symmetry: 
y-axis 


vertices: 
(0, 4) and (0, —4) 


asymptotes: 





= ae anid vs aes 
be = y ee 


The vertices are (0, 3) and (0, —3). 


3 3 
The asymptotes are y = a and y = 5% 


An axis of symmetry is the y-axis. 


b 
e The asymptotes are y = a and 


b 
=—--xX 
\ a 
¢ Sketch the asymptotes. Use symmetry and 
the fact that the hyperbola will approach 
the asymptotes to sketch its graph. 


[ivcccecceeecercccearssesssenececnscesasccesescsereseressssterssscenscsseeceseees I's lescwlcdsiceeveecenedocadeciecaceeeusecdsdddadalicdeedecenmandaiseavicadseaseasacdiae 


You Try it 8 
Sketch a graph of the hyperbola whose 
2 2 
, 


LS SOU 5: 
if: — SS 3 
equation is 9 35 1 


Your solution 





“You Try It 9 
Sketch a graph of the hyperbola whose 
2 2 
, OY x 
[ ——— = 1, 
equation is 9 9 1 


Your solution 





Solutions on p. S35 


© The vertices are (0, 4) and (0, —4). 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 11.6 / Conic Sections 635 


11.6 Exercises 






Objective A 


State (a) whether the axis of symmetry is a vertical or a horizontal line and (b) in what direction the 
parabola opens. 


1. y= 3n¥e 4x47 2. y=-x?+5x-2 3. vay ay 8 
= 2 1 Le 
4 a= =oy yt 9 st es =Ayi 7 6. Yay pO == h 


Find the vertex and axis of symmetry of the parabola given by the equation. 
Then sketch its graph. 


es oe =e? ae By = A So ya 2 








Copyright © Houghton Mifflin Company. All rights reserved. 


636 Chapter 11 / Functions and Relations 


Objective B 





Sketch a graph of the circle given by the equation. 


16. («- 2 +(y+2)2=9 17. (x +2) +(y -— 3% = 16 18. («@+3)2+(y-1)2=25 






lI 
iN 


19. (x -22 +(y +32 =4 Ze 





22. Find the equation of the circle with 23. Find the equation of the circle with radius 3 
radius 2 and center (2, —1). Then sketch its and center (—1, —2). Then sketch its graph. 
graph. 





24. Find the equation of the circle with radius 25. Find the equation of the circle with ra- 
V5 and center (-1, 1). Then sketch its dius V5 and center (—2, 1). Then sketch 
graph. its graph. 
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Objective C 







Sketch a graph of the ellipse given by the equation. 





x? y? 
26. hoe 
Ficoaoe 27. 














37. 
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APPLYING THE CONCEPTS 


Write the equation in standard form. 
equation. 


47. 4x? + 9y? = 36 48. 


Be 





y 








Identify the graph, and then graph the 


16x? + 25y? = 400 49, 9x? — 25y? = 225 


y 





52. 4y? —x? = 36 
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e Focus on Problem Solving 


Algebraic 
Manipulation and 
Graphing Techniques 


Problem solving is often easier when we have both algebraic manipulation 
and graphing techniques at our disposal. Solving quadratic equations and 
graphing quadratic equations in two variables are used here to solve problems 
involving profit. 


A company’s revenue, R, is the total amount of money the company earned by 
selling its products. The cost, C, is the total amount of money the company spent 
to manufacture and sell its products. A company’s profit, P, is the difference 
between the revenue and cost: P = R — C. A company’s revenue and cost may be 
represented by equations. 


A company manufactures and sells woodstoves. The total monthly cost, in 
dollars, to produce n woodstoves is C = 30n + 2000. Write a variable expression 
for the company’s monthly profit if the revenue, in dollars, obtained from selling 
all n woodstoves is R = 150n — 0.4127. 


P=R=C 
P = 150n — 0.4n? — (30n + 2000) © Replace R by 150n — 0.4n? and C 
P = —0.4n? + 120n — 2000 by 30n + 2000. Then simplify. 


How many woodstoves must the company manufacture and sell in order to make 
a profit of $6000 a month? 


P = —0.4n? + 120n — 2000 


6000 = —0.4n2 + 120n — 2000 © Substitute 6000 for P. 
Q= —0.4n2 + 120n — 8000 © Write the equation in 
standard form. 
0= n*=-300n + 20,000 ® Divide each side of the 


equation by —0.4. 


0 = (n — 100)(n — 200) ° Factor. 
n — 100 = 0 n — 200 = 0 © Solve for n. 
n = 100 n = 200 


The company will’make a monthly profit of $6000 if either 100 or 200 wood- 
stoves are manufactured and sold. 


The graph of P = —0.4n? + 120” — 2000 is shown at P | | 
the right. Note that when P = 6000, the values of n are 8000 |-(150, 7000) 
100 and 200. . ce re 


Also note that the coordinates of the highest point on 
the graph are (150, 7000). This means that the com- 
pany makes a maximum profit of $7000 per month 2000 
when 150 woodstoves are manufactured and sold. 


4000 





0 


100. 200 





2000 


1. The total cost, in dollars, for a company to produce and sell 1 guitars per 
month is C = 240n + 1200. The company’s revenue, in dollars, from selling 
all n guitars is R = 400n — 2n’. 

a. How many guitars must the company produce and sell each month in 
order to make a monthly profit of $1200? 

b. Graph the profit equation. What is the maximum monthly profit the 
company can make? 
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@ Projects and Group Activities 


The Eccentricity and 
Foci of an Ellipse 


oe "Eccentricity 








Foci 





The graph of an ellipse can be long and thin, or it can have a shape that is very 
close to a circle. The eccentricity, e, of an ellipse is a measure of its “roundness. 


The shapes of ellipses with various eccentricities are shown below. 








1. Based on the eccentricities of the ellipses shown above, complete 
the sentence. “As the eccentricity of an ellipse gets closer to 1, the 
ellipses get flatter/rounder.” 


2. The planets travel around the sun in elliptical orbits. The eccentric- 
ities of the orbits of the planets are shown in the table at the left. 
Which planet has the most nearly circular orbit? 


2 2 
: : 5 x y : 
For an ellipse given by the equation — + = 1,a>b,a formula for eccentric- 
ne 
N/ pe Be 
ity is e = ————. Use this formula to find the eccentricity of the ellipses in 
a 


Exercise 3 and 4. If necessary, round to the nearest hundredth. 


2 
x 

Set =1 Aes 
9 


ae 
lI 
— 


Ellipses have a reflective property that has been used in the design of some build- 


ings. The foci of an ellipse are two points on the longer axis, called the major 
axis, of the ellipse. 


If light or sound emanates from one focus, it is reflected to the other focus. This 
phenomenon results in what are called “whispering galleries.” The rotunda of the 
Capitol Building in Washington, D.C., is a whispering gallery. A whisper spoken 
by a person at one focus can be heard clearly by a person at the other focus. 


The foci are c units from the center of an ellipse, where c = Va? — b? for an 


. yee 
ellipse whose equation is rr? Bp =la>b. 
a 
5. Find the foci for the ellipse wh BE te 
- Find the foci for the ellipse whose equation is —— + 2~ = 
p quation is 100 ' 64 if 

: x? é 

6. Find the foci for the ellipse whose equation is —— + 2— = iP, 


169 144 





rved. 


ghts rese 
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x-intercepts and The x-coordinate of an x-intercept of the graph 7 
Solutions of of y =f(x) is a real number solution of the iso 4 
Equations equation f(x)=0. For instance, the graph 
of P(x) =x° — 4x* — 16x? + 46x2 + 63x — 90 is 
shown at the right. The x-intercepts of the 
graph are (—3, 0), (—2, 0), (1, 0), (3, 0), and 
(5, 0), and the roots of the equation 
x° — 4x* — 16x? + 46x? + 63x — 90 =0 are —3 
2 ANS and S. 


100 -- 





, 





1. Graph P(x) = x° + x+— 7x3 —x?+ 6x and determine the x-intercepts. Use 
Amin = =4) Xmaxt=4eiXseli =14Ymini= =l0"V¥max = 40; and Ysel = 10. 


2. What are the real number solutions of x° + x*+ — 7x? — x? + 6x = 0? 


3. Graph P(x) = x° — 2x4 + 5x3 — 10x? + 4x — 8 and determine the x-intercepts. 
Use Xmin = —4, Xmax = 4, Xscl_= 1, Ymin = —100, Ymax = 100, and 
Yscl = 50. 


4. What are the real number solutions of x° — 2x4 + 5x? — 10x? + 4x — 8 = 0? 


5. On the basis of the graph shown above and your answers to Exercises 2 and 
4, make a conjecture about the number of real number solutions a fifth- 
degree equation can have. 


6. Make up a few more fifth-degree equations and produce their graphs. Do 
the numbers of real number solutions of these equations bear out your 
conjecture? 


Chapter Summary 


Key Words A function that can be written in the form y = mx + DOF f(x) =e sna 
linear function. The graph of a linear function is a straight line with slope m 
and y-intercept (0, b). [p. 591] 
A quadratic function is one that can be expressed by the equation 
f(x) = ax? + bx + c,a # 0. The graph of this function is a parabola. [p. 595] 


The inverse of a function is the set of ordered pairs formed by reversing the co- 
ordinates of each ordered pair of the function. |p. 618] 


The graph of a conic section can be represented by the intersection of a plane and 
a cone. The four conic sections are the parabola, ellipse, hyperbola, and 


ame, circle. [pp. 625, 629, 631, 633] 

fi A circle is the set of all points (x, y) in the plane that are a fixed distance from 
a given point (h, k) called the center. The fixed distance is the radius of the 
cixcle. [p, 629] 

The asymptotes of a hyperbola are the two straight lines that are “approached” 
by the hyperbola. As the graph of the hyperbola gets farther from the origin, 
the hyperbola “gets closer to” the asymptotes. [p. 633] 






\ 
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Essential Rules 


Vertical-Line Test A graph defines a function if any vertical line intersects the 


graph at no more than one point. [p. 606] 


Operations on Functions If f and g are functions and x is an element of the 
domain of each function, then 


(f + g)(x) = f(x) + g(x) (f — g(x) = f(x) — g(x) 


HG = 1) a(x) # 0 [p. 611] 


(f - g(x) = f(x) - g(x) a)’ 


Composition of Two Functions The composition of two functions, f°g, is the 
function whose value at x is given by (f° g)(x) = f[g@)]. [p. 613] 


One-to-One Function A function f is a 1-1 function if, for any a and b in the 
domain of f, f(a) = f(b) implies that a = b. [p. 617] 


Horizontal-Line Test The graph of a function represents the graph of a 1-1 func- 
tion if any horizontal line intersects the graph at no more than one point. [p. 618] 


Condition for an Inverse Function A function f has an inverse function if and 
only if f is a 1-1 function. [p. 619] 


Property of the Composition of Inverse Functions /~'[f(x)] = x and f[f—(x)] =x 
[p. 620] 


Equation of a Parabola 


y = ax? + bx +c [p. 596] When a > 0, the parabola opens up. 
When a < 0, the parabola opens down. 


The x-coordinate of the vertex is ee 


2a 
The axis of symmetry is the line x = a 
x ay? by + eC lp. 627] When a > 0, the parabola opens to the right. 


When a < 0, the parabola opens to the left. 


The y-coordinate of the vertex is — us 


2a 
The axis of symmetry is the line y= — 

Equation of a Circle [p. 629] 

w=h?Y+(y-—kh2=r The center is (h, k) and the radius is r. 
Equation of an Ellipse [p. 631 | 

2 2 
a a eas =] The x-intercepts are (a, 0) and (—a, 0). 
a b The y-intercepts are (0, b) and (0, —b). 


Equation of a Hyperbola [p. 633] ae: 
otis. 


23 4j a So An axis of symmetry is the x-axis. 
a b The vertices are (a, 0) and (=a, 0). 
2 2 
= rat es ae An axis of symmetry is the y-axis. 
a 


The vertices are (0, b) and (0, —b). 


The equations of the asymptotes are y = + Be : 


SRSSTSESAPHHAGSSSTHERSAOSSH SA SIHVS STS SAAHHSASHSATAREHEHSALAHASSOHEAAADOSHSHRADSSASEAAAAASOHHOHSSSHASAOOHOASSHOSSESSANHSEKORKEEERH OR HHSC RSC CROELCASEEADEOREKEEDECREDOCOR LEER ETHOS 
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2 Chapter Review 








1 
1. Graph: f(x) = qe 3 2, sketch a graph of (@) = x7 2x +3. 
y Y 
y 
, 4 
2 2 
ees |. A SOM een be 
=, -2 
-4 
Silk 
3. Find the x-intercepts of y = 2x? — 3x + 4. 4. Find the maximum value of the function 


FO ko Oke, 














Graph f(x) ='>V3-— x. State the domain 6. Graph f(x) = xt — 2. State the domain and 
and range. range. 

ree ae 
Graph f(x) = x3 — 3x + 2. State the domain 8. Determine whether the graph is the graph of 


and range. a 1-1 function. 








644 


11. 


13. 


15. 


17. 


19. 
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Given f(x) S24 2x = Sand g@)= x12 = 
find (f — g)(2). 


Given f(x) = 4% + 2 and g(x) = 
pie). 


eee, find 
se ce Il 


Find the inverse of the function 
(27 6) 35) G4), (Seah 


Sketch a graph of x = y? — y — 2. 











KolGiean cs 
x2 y?2 
Sketch Ore — ee | 
etch a graph o 9 i 
pete ao 





Find the equation of the circle with radius 4 
and center (—3, —3). 


14. 


16. 


2 
18. Sketch a graph of oe + 





Given f(x) = 4x — 5 and g(x) =x? + 3x 44, 


find (£ \(-2, 
& 


Given f(x) = 2x2 — 7 and g(x) = x — 1, find 
flg(x)]. eons 


Find the inverse of the function 


f(x) = a — 4. 


Sketch a-graph of (4 = 2)?-+ (yt d)ea49. 








2 
» 
— =], 
4 





20. The perimeter of a rectangle is 200 cm. What 


dimensions would give the rectangle a maxi- 
mum area? What is the maximum area? 
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1. 


ee Chapter Test 


Graph: f(x) = 2x -— 4 





Find the x-intercepts of y = 3x? + 9x. 


Graph f(x) = Vx + 4. State the domain and 
range. 





Graph f(x) = 3x3 — 2. State the domain and 
range. 





Chapter Test 645 


2. oketchaeraph of 1 (x)= 24" x= 2: 





4. Find the maximum value of 
fe) = =224, 440 be. 


6. Graph f(x) = |x| — 3. State the domain and 
range. 





8. Is the graph below the graph of a 1-1 
function? 











646 Chapter 11 / Functions and Relations 


For problems 9 to 12, use f(x) = x2 + 2x — 3 and g(x) = x? — 2. 


9. Evaluate: (f + g)(2) 10. Evaluate: (f — g)(—4) 
11. Evaluate: (f - g)(—4) 12. Evaluate: Lj 


13.) Given f() =.2%7 = x — 5 andie(x) = 3x — 1, 14. Find the inverse of f(x) = —6x + 4. 
find g[f(x)]. 


15. Sketch a graph of x = 2y? — 6y + 5. 16. Sketcha graph of @ + 3)? +(v41P—=—EL 











x2 y? xy? 
17. Sketch a graph of ze + tis ile 18. Sketch of graph of 5s aera 13 














; 1 5 
19. Are the functions given by f(x) = ——x += and e(x) = —4x + 5 inverses of 
each other? 4 - 


es 
‘ 


20. The perimeter of a rectangle is 28 ft. What dimensions would give the rec- 
tangle a maximum area? 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Tt: 


13. 


15. 


ee Cumulative Review 


Graph the solution set of 
fale. 4) Oidelx S22}. 


543. Ot 2 3 4 5 


Evaluate the function f(x) = —x? + 3x — 2 at 
x= -3. 


Find the equation of the line that contains the 
point (4, —2) and is perpendicular to the line 
Vem +3. 


a4 LP x 
Subtract: ea re 


f : t2caeb* ab 4\" 
Sey ea aa) 
Simplify: V18 —V—25 


Solve: x — V2x —3 =3 


Find the maximum value of the function 
teat Axe: 2, 


10. 


12. 


14. 


16. 


647 


Cumulative Review 


5x —2 - 
Solve: 5 i! fe 











Find the equation of the line that contains the 


3 
point (2, —3) and has slope a 


Sita Hy cee te 





ax + ay — bx — by 





Solve: 


Dyes 8) Se 


: 4 ; : 
Write 2x3 as an exponential expression. 


Solve: 2x2 + 2x —3 = 0 


ake = 
Solve: =f 
x+4 





Find the inverse of the function 
f(x) = 4x + 8. 
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17. 


19: 


PANG 


Papa 


Zo: 


24. 


PAY, 


Chapter 11 / Functions and Relations 








Graph the solution set of 52+ 2y > 10. 18. Graph: x = y* — 2y + 3 
y y 
8| al 
=8) 14.20 Ae Sac 0) 4g i 
=4 -4 
-8 =8 











ies h ye _ x 1 
Graph: >= + ine 1 20. Graph: A, OSs 
y y 
sf : | 
A tera 
Ser au Beis ip acest 
=A, -4 
-8 -8 





Tickets for a school play sold for $4.00 for each adult and $1.50 for each 
child. The total receipts for the 192 tickets sold were $493. Find the num- 
ber of adult tickets sold. 


A motorcycle travels 180 mi in the same amount of time that it takes a car 
to travel 144 mi. The rate of the motorcycle is 12 mph greater than the rate 
of the car. Find the rate of the motorcycle. 


The rate of a river’s current is 1.5 mph. A rowing crew can row 12 mi down 


this river and 12 mi back in 6 h. Find the rowing rate of the crew in calm 
water. 


The speed (v) of a gear varies inversely as the number of teeth (t). If a gear 


that has 36 teeth makes 30 revolutions per minute, how many revolutions, : 


per minute will a gear that has 60 teeth make? 


Find the maximum product of two numbers whose sum is 40. 
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Section 12.1 


A To evaluate an exponential function 
_ B To graph an exponential function 


~ Section 12.2 
7 


_ A To write equivalent exponential and 
logarithmic equations 


B To use the Properties of Logarithms 
C To use the Change-of-Base Formula 


_ Section 12.3 


A To graph a logarithmic function 
Sibir efi) 

, Section 12.4 

a A To solve an exponential equation 
_ B To solve a logarithmic equation 


far , i ou 


— Section 12.5 
Rae 7 


” — . 2 

A To solve application problems 
| Soa 

Hae AP 

Fee cet 

aot s 

eS ee 

| aad ee 

foes ae” 

pa ae 

| eats 

Mee 

es Bas 

ee 

Dey hei: 

RAG tno. 

ee 

| oo a’ 

iS Sea 

1) eer 

ae ek cae 

eae ae ae 

| ay 
bs a oe ee 
este 5 
Wie Aue 
ee 
We %,.& 
fe nan 
Se ce. 
HAE ie do, a 
|p esse 
‘\t 4 


_ xe Need help? For on-line student resources, such as section 
* vy) quizzes, visit this textbook’s web site at 





Exponential and 
Logarithmic 
Functions © 


This researcher is examining sauropod bones in Jurassic 
sediments, hoping to determine the age of these long-necked 
dinosaurs’ bones. Archaeologists use the carbon-dating 
method, which involves an exponential function, to calculate 
just how old the bones are. Instruments are used to detect 
the amount of carbon-14 left in an object. Since carbon-14 
occurs naturally in living things and gradually decays after 
death, the measure of the amount of carbon-14 remaining 
reveals the object's age. The process of using carbon dating 
is illustrated in the Example on page 680. 








i COOP OHHOESHHEHHSSHHOSECEHHOSHAEHSHSHHHESSSTSSHHOHHHTOHOHHGHOHOHSHHOHSHSHHHHEHHHHHHHFOSBAASEHOS 


4 


2. Simplify: 


x fOr x= = 1 andes 


% 


= ag be 


4. Evaluate f(x) 


6. Solve: 16 =x? — 6x 








‘poArasal SIYSU [Ty “Aueduiog urpy uorysnoy © IYZLAdoD 


atte 92000 a 920015 


‘ 


What is the ones digit of 1 + 9 + 92+ 93+ 944.5, 


—eid 
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Objective A To evaluate an exponential function 


s 


TAKE NOTE 
_ It is important to 
_ distinguish between 
LF (a) = 2* and P(x) = x?. 
_ The first is an expo- 
- nential function; the 
_ second is a polynomial 


function. Exponential 
functions are 


characterized by a 


constant base anda 


_ variable exponent. 

_ Polynomial functions 
have a variable base and © 
- aconstant exponent. 


Section 12.1 / Exponential Functions 651 


Exponential Functions 


vip 





The growth of a $500 savings account that earns 
5% annual interest compounded daily is shown in 
the graph at the right. In 14 years, the savings 
account contains approximately $1000, twice the 
initial amount. The growth of this savings account 
is an example of an exponential function. 


Value 
of investment 





The pressure of the atmosphere at a certain iz 
height is shown in the graph at the right. This 
is another example of an exponential function. 
From the graph, we read that the air pressure 
is approximately 6.5 lb/in? at an altitude of 
20,000 ft. 


Sys 


Oo NA DWAOWN FS 


(in lb/sq. in.) 





Atmospheric pressure 





Ay 
LOPS ZO S040 


Altitude 
(in thousands of feet) 


Definition of an Exponential Function 
The exponential function with base bis defined by 
f(x) = b* 


where b> 0, b # 1, and xis any real number. 





In the definition of an exponential function, b, the base, is required to be posi- 
tive. If the base were a negative number, the value of the function would be a 
complex number for some values of x. For instance, the value of f(x) = (-4) 


when x = ; is f(s] = (-4)!? = \/—4 = 2i. To avoid complex number values of 


a function, the base of the exponential function is a positive number. 
=> Evaluate f(x) = 2* atx = 3 andx = —2. 


f(3) = 23 =8 e Substitute 3 for x and simplify. 


{EL = 27 = = = e Substitute —2 for x and simplify. 


Kes 


To evaluate an exponential expression for an irrational number such as \V 2, 
we obtain an approximation to the value of the function by approximating the 
irrational number. For instance, the value OF flix) = 4 when « =—%2 can be 


approximated by using an approximation of VO 


f0V2) = 42 = 414142 = 7.1029 
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TAKE NO TE : _ Because f(x) = b* (b > 0, b # 1) can be evaluated at both rational and irra- 


tional numbers, the domain of f is all real numbers. And because b* > 0 for all 
The natural exponential 


function is an extremely values of x, the range of f is the positive real numbers. 
important function. It is 
_ used extensively in _ A frequently used base in applications of exponential functions is an irra- 
elem art em __ tional number designated by e. The number e is approximately 2.71828183. It 
from archaeology to is an irrational number, so it has a nonterminating, nonrepeating decimal 
_ zoology. Leonhard Euler § representation. 


(1707-1783) was the 
first to use the letter e 
as the base of the 
natural exponential Natural Exponential Function 


function. F : : fi 2 
The function defined by f(x) = e*is called the natural exponential function. 





The e* key on a calculator can be used to evaluate the natural exponential 
function. The graph of y = e* is shown at the left. 








i anni 1 : 
I #8 
Evaluate f(x) = (3) at x = 2 and Evaluate f(x) = (3) atic = Gand 
BS ey 
Solution Your solution 


fo) = (5) 
1 





a livaniple 2 = You Try It 2 





Evaluate f(x) = 232-! atx = 1 andx = —1. Evaluate f(x) = 2+! atx =O andx = —2. 
Solution Your solution 

HQ et 22d 

f(1) = 230-1 = 22 = 4 

1 1 

= A Dali pee 
(Gy) Ae 
example 3 “You Try It 3 4 Br 
Evaluate f(x) = e atx = 1 andx = —1. Round Evaluate f(x) = el atx = 5) and x = —2. 
to the nearest ten-thousandth. Round to the nearest ten-thousandth. 
Solution Your solution 


f(x) = e* 
[Ly ec?" =e? = 7.389) 
f(-1) = e-D = e-2 = 0.1353 
Solutions on p. S35 
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Objective B To graph an exponential function 
Some properties of an exponential function can be seen in its graph. 
™® Graph f(x) = 2°. 


. Think of this as the equation 
: y = 2". 
Choose values of x and find the 
corresponding values of y. 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 





Note that any vertical line would intersect the graph at only one point. Therefore, 
by the vertical-line test, the graph of f(x) = 2* is the graph of a function. Also note 
that any horizontal line would intersect the graph at only one point. Therefore, 
the graph of f(x) = 2* is the graph of a one-to-one function. 


=> Graph f(x) = (3). 


Think of this as the equation 
1 x 

=. 

Choose values of x and find the 

corresponding values of y. 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 





Applying the vertical-line and horizontal-line tests reveals that the graph of 


f(x) = (3) is also the graph of a one-to-one function. 


m= Graph f(x) = 2™. 
Think of this as the equation Peo 
=o: ee a 8 


Choose values of x and find the 
corresponding values of y. 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 





x il x 
Note that because 2-* = (2°!) = (3) , the graphs of f(x) = 2~* and f(x) = (5) 


are the same. 
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Exanksla 4 x ; : You Try It 4 Ly 
Graph: f(x) = 3? Graph: f(x) = 2 ? 


Solution Your solution 














Example 5 | con Try It 5 
Graph: f(x) = 2* — 1 Graph: f(x) = 2* + 1 


Solution Your solution 





Eeample cl * e o* | mit ak . You Try It6 
K Graph: f(x) = (3) Ys i Graph: f(x) = 2-* + 2 
- Solution . ert + ‘ Your solution 





mas é < | ss Ep coum Yan teed so bh Tepe 
Graph: f(x) =2 * —1 Graph: f(x) = - 
Solution | | y ; Your solution 





Solutions on p. $35 
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a1; 


13. 


Objective A 


= 1. 


12.1 Exercises 


What is an exponential function? 


What is. the natural exponential function? 


655 
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Which of the following cannot be the base of an exponential function? 


d. 0.01 


1 
are? b. P c. —5 


Which of the following cannot be the base of an exponential function? 
1 
de 


a. 0.9 b. 476 c. 8 

Given f(x) = 3%, evaluate: 

a. f(2) b. f(0) Coil 2) 

Given g(x) = 2**!, evaluate: 

a. 2(3) b. g(1) c, 2(—3) 
1 2x 

Given P(x) = (3) , evaluate: 

a. P(0) b. (3) CEP?) 


Given G(x) = e*?, evaluate the following. 


Round to the nearest ten-thousandth. 


a. G(4) b. G(-2) c. a(5) 


Given H(r) = e7'*3, evaluate the following. 


Round to the nearest ten-thousandth. 
Es (S18) b. A(3) c. H(5) 


10. 


12. 


14. 


Given H(x) = 2*, evaluate: 


a. (G3) b. H(0) c. H(2) 
Given F(x) = 3*~2, evaluate: 

a. F(—4) b. F(-—1) c. F(0) 
Given R(t) = (3)", evaluate: 

oe R(-3] b. R(1) enna) 


Given f(x) = e?*, evaluate the following. 
Round to the nearest ten-thousandth. 


ATED is f(-2] caf) 


Given P(t) = e-x', evaluate the following. 
Round to the nearest ten-thousandth. 


a. P(-3) b. P(4) c. P(5) 
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15. Given F(x) = 2”, evaluate: 


a. F(2) b. F(—2) 







17. Given f(x) = e*”, evaluate the following. 
Round to the nearest ten-thousandth. 











as fl=2) b. f(2) Cait=s) 
Objective B 
Graph. 
19. f(x) = 3* 20. f(x) = 3 
v y 
oe 
4 =4 
2 2 
Piece Og yo | 4.” eee ee ee 
=) 2 
-4 =4 


Pei SKC 5) 




















y y 
es sete, 
4 4 
2 2 
TES crete =4 G22 ae ea” 
9) =) 
Se ah o 
27 flea a8. fx) -(3)" 
; a O fix) = a 
y y 
A 
4 4 
2 2 
>X Sa 5 
Er Th ere Sgro (th ee 
i 2 
4 fh 





a. Q(3) 


axf(—1) 


21. f(x) = 2*+1 


4 


7 


Se) 


—4 3-230 z 





y 


a 


2 


25. je) =2 








22. {x)= 27 


16. Given O(x) = 2, evaluate: 
b. Q(-1) 


CO 2) 


18. Given f(x) = e-% + 1, evaluate the following. 
Round to the nearest ten-thousandth. 


f(3) c. f(—2) 





26 





. fie) =25—-3 


oY 


ie 


4 


2 





ae 











> X 
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31. 


32: 


33. 


34. 


35. 


36. 
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Which of the following functions have the same graph? 


a. faye b. f(x) = (;) CT) =x d. f(«%) =3~ 


Which of the following functions have the same graph? 


er CC) eee bejaae Efe 


dayay= (=) 


Graph f(x) = 3* and f(x) = 3 and find the point of intersection of the 
two graphs. 


Graph f(x) = 2**! and f(x) = 2**! and find the point of intersection of 
the two graphs. 


Graph f(x) = (3). What are the x- and y-intercepts of the graph of the 


function? 


Graph f(x) = (3) ~". What are the x- and y-intercepts of the graph of the 


function? 


APPLYING THE CONCEPTS 


- Use a graphing calculator to graph the function. 























37. P(x) =(V3y 38. F(x) =(V5y 39. O(x) =(V3)* 
rT ‘aa : 
4 Dep res 4 
2 “ an 2 
52 Se Ge Se Twas Paewigere ti eg ey ei er ae 
=2 =? =) 
-4 on -4 
412 FQ) a 42. e(x)= 7% 
y y 
i i 
de LA 4 
2 2 
ah cw) ae marie Sea) Deane 
a) -2 
-4 -4 








43. Evaluate (1 “ 2)" for n = 100, 1000, 10,000, and 100,000 and compare 
VL - 


the results with the value of e, the base of the natural exponential func- 
tion. On the basis of your evaluation, complete the following sentence: 


1 "1 
As 1 increases, (1 ++ 1) becomes closer to 


658 Chapter 12 / Exponential and Logarithmic Functions 


44. Evaluate (1 + x)!* for x = 0.1, 0.01, 0.001, 0.00001, and 0.0000001 and 
compare the results with the value of e, the base of the natural exponential 
function. On the basis of your evaluation, complete the following sen- 
tence: As x gets closer to 0, (1 + x)!* becomes closer to 


According to population studies, the population 

of China can be approximated by the equation 

P(t) = 1.17(1.012)', where t = 0 corresponds to 1993 

and P(t) is the population, in billions, of China in ¢ 

years. 

a. Graph this equation. Suggestion: Use Xmin = 0, 
Xmax = 19, Ymin'= —0'5, Ymax =—11275, and 





Ysel ='0.25. 

eo, b. The point whose approximate coordinates are 
(9, 1.303) is on this graph. Write a sentence that 
explains the meaning of these coordinates. 


46. The growth of the population of India can be approximated by the equa- 

tion P(t) = 0.883(1.017)', where t = 0 corresponds to 1993 and P(t) is the 

~_ population, in billions, of India in ¢ years. 

~, a. Graph this equation. Suggestion: Use Xmin = 0, Xmax = 20, 

é Yimin = —05, Ymax— 1575, and Yscl = 0:25. 

a b. The point whose approximate coordinates are (8, 1.01) is on this 
graph. Write a sentence that explains the meaning of these 

coordinates. 





47. If air resistance is ignored, the speed v, in feet per second, of an object 

t seconds after it has been dropped is given by v = 32t. However, if air 

resistance is considered, then the speed depends on the mass (and on 

other things). For a certain mass, the speed t seconds after it has been 

dropped is given by v = 32(1 — e~). 

a. Graph this equation. Suggestion: Use Xmin = 0, Xmax = 5.5, 

Ymin = 0, Ymax = 40, and Yscl = 5. 

ea b. The point whose approximate coordinates are (2, 27.7) is on this 
graph. Write a sentence that explains the meaning of these 
coordinates. 





48. If air resistance is ignored, the speed v, in feet per second, of an object 
t seconds after it has been dropped is given by v = 32t. However, if air 
resistance is considered, then the speed depends on the mass (and on 
other things). For a certain mass, the speed t seconds after it has been 
dropped is given by v. = 64(1 — e-#), 

* a. Graph this equation. Suggestion: Use Xmin = 0, Xmax = ne 


Sam 


| Ymin = 0, Ymax = 80, and Yscl = 10. 
a b. The point whose approximate coordinates are (4, 55.3) is on this 


graph. Write a sentence that explains the meaning of these 
coordinates. 
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Objective A To write equivalent exponential 
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Introduction to Logarithms 
ag as a. 


Because the exponential function is a 1-1 function, it has an inverse function, 
which is called a logarithm. A logarithm is used to answer a question similar 
to the following: “If 16 = 2”, what is the value of y?” Because 16 = 27, the loga- 
rithm, base 2, of 16 is 4. This is written as log, 16 = 4. Note that a logarithm is 
an exponent that solves a certain equation. 





and logarithmic equations 





Definition of Logarithm 


For b>0,b #1, y= log, x is equivalent to x = b’. 





Read log, x as “the logarithm of x, base b” or “log base b of x.” 


Exponential Form Logarithmic Form 
The table at the right shows 24 = 16 log, 16 = 4 
equivalent statements written in (2) _ 4 a (3) 5 
both exponential and logarithmic he 22/3 \9 
form. i 101 =0.1 log) (0.1) = —1 


=> Write log, 81 = 4 in exponential form. 


log, 81 = 4 is equivalent to 3* = 81. 


=~ Write 10-2 = 0.01 in logarithmic form. 
10-2 = 0.01 is equivalent to log,) (0.01) = —2. 


The 1-1 property of exponential functions can be used to evaluate some 
logarithms. 


1-1 Property of Exponential Functions 


For b> 0, b # 1, if bY = bY, then u= v. 





=» Evaluate log, 8. 


log, 8 = x ¢ Write an equation. 
8 = 2% e Write the equation in its equivalent exponential form. 
a © Write 8 as 2°. 
3=x e Use the 1-1 Property of Exponential Functions. 

log, 8 = 3 
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=» Solve log, x = —2 for x. 
4-2= yx ¢ Write the equation in its equivalent exponential form. 
1 uF ie 
—=y;z e Simplify. 
16 


| 
The solution is a 


In this example, —— is called the antilogarithm base 4 of, negative 2. In general, 


, ir 
if log, M = N, then M is the antilogarithm base b of N. The antilogarithm of a 
number can be determined by rewriting the logarithmic expression in exponen- 
tial form. For instance, the exponential form of log, x = 3 is 53 = x; x is the 
antilogarithm base 5 of 3. 


Definition of Antilogarithm 


If log, M = N, the antilogarithm base b of Nis M. In exponential form, M = b”. 





Logarithms base 10 are called common logarithms. Usually the base, 10, is 
omitted when we write the common logarithm of a number. Therefore, log, x is 
written log x. To find the common logarithm of most numbers, a calculator 
is necessary. A calculator was used to find the value of log 384, shown below. 


TAKE NOTE 





[— Mantissa 
_ The logarithms of most SS 
numbers are irrational log 384 = 2.5843312 
numbers. Therefore, the | Characteristic 


_ value displayed by a 
calculator is an 
approximation. The decimal part of a common logarithm is called the mantissa; the integer 


part is called the characteristic. 


When e (the base of the natural exponential function) is used as a base of a 
logarithm, the logarithm is referred to as the natural logarithm and is abbre- 
viated In x. This is read “el en x.” Using a calculator, we learn that 


In 23 ~ 3.135494216 


The integer and decimal parts of a natural logarithm do not have special names. 


EeStoacct pts arena ean ca ty ne rere eS ih Or re ror | Maer omer coors cena, OME eR ANCES Al 
eee 1 "You Try It 1 
Evaluate: log, ( , Evaluate: log, 64 
: 1 
Solution log; Giae Your solution es 
1 
—_= 3x 
2 
3-2 = 3 
eee 


Solution on p. S36 
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Solution log, x = 2 
5* =x 
25. =.% 


Example 2 Solve for x: 
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SOC T HS HEHE ee TODD OES eo EEE ESEHOH ES OEsAB008 


log. x = 2 


CPOE HOMO SEH OSH HE OHHH TEETER TED ODE TEHESHHODSSHSHSOSOH HS EESODSH SHOOT ESO OR OBES 


‘You Try It 2 Solve for x: log, x = —4 


Your solution 


‘The solution wee 


fo 3 Solve log x 


POPPE S PAHO HEH EHR ER EEE O SOTO DE THE EEO REE O HO EEE 


fg) 


PCOS OTH O OEE EET E EE OE ERSTE EH HE OSES HEESOTESEH ESOS TESTO SEH ES ESTO SES SH SESDEHEHEEOD 


= —1.5 for x. You Try It 3 Solve In x = 3 for x. 
Round to the nearest Round to the nearest 
ten-thousandth. ten-thousandth. 
Solution log x = —-1.5 Your solution 
10> =~ 
0.0316 =x e Use a calculator. 





seen emia 


Fete eet eee emenenemeemeneneeemminnaia 


TAKE NOTE 
Pay close attention to 
this theorem. Note, for 
instance, that this 
theorem states that 


log, (4 - p) = log, 4 + logs p. 
It also states that ' 
log, 9 + log; z = log; (92). 
It does not state any 
relationship regarding 
the expression 
log, (x + y). This 
expression cannot be 
simplified. 


cette BbtC este SOROS PERNNS NLA MOLAR MEANS MR ORR 


Solutions on p. S36 





Sm te 
TUTOR WEB SSM 


Because a logarithm is a special kind of exponent, the Properties of Logarithms 
are similar to the Properties of Exponents. 





To use the Properties of Logarithms 


The property of logarithms that states that the logarithm of the product of two 
numbers equals the sum of the logarithms of the two numbers is similar to the 
property of exponents that states that to multiply two exponential expressions 
with the same base, we add the exponents. 


The Logarithm Property of the Product of Two Numbers 


For any positive real numbers x, y, and b, b # 1, log, (xy) = log, x + log, y. 





A proof of this property can be found in the Appendix. 
= Write log, (6z) in expanded form. 

log, (6z) = log, 6 + log, z e Use the Logarithm Property of Products. 
=> Write log, 12 + log, r as a single logarithm. 

log, 12 + log, r = log, (12r) e Use the Logarithm Property of Products. 


The Logarithm Property of Products can be extended to include the logarithm 
of the product of more than two factors. For instance, 


log, (xyz) = log, x + log, y + log, Z 
log, (7rt) = log, 7 + log, r + log, t 
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A second property of logarithms involves the logarithm of the quotient of two 
numbers. This property of logarithms is also based on the fact that a loga- 
rithm is an exponent and that to divide two exponential expressions with the 
same base, we subtract the exponents. 


The Logarithm Property of the Quotient of Two Numbers 


For any positive real numbers x, y, and b, b # 1, log,” = log, x — log, y. 





‘ 


TAKE NOTE 


This theorem is used to 
rewrite expressions 


A proof of this property can be found in the Appendix. 


oe | ™ Write log, ' in expanded form. 

log; (2) = log, m — log; 8. | 

Teco 10! state any log, = log, p — log, 8 e Use the Logarithm Property of Quotients. 
relationship regarding 8 

the expression : 

log, x 





ee ear oasion = Write log, y — log, v as a single logarithm. 
- cannot be simplified. 


= ett log, y — log, v = log, x e Use the Logarithm Property of Quotients. 
V 


A third property of logarithms is used to simplify powers of a number. 


The Logarithm Property of the Power of a Number 





For any positive real numbers x and b, b # 1, and for any real number r, log, x’ = rlog, x. 





) and John Napier 
(1550-1617) as a means of 
simplifying the calculations of 
astronomers. The idea was to 
devise a method by which two 
numbers could be multiplied by ™* Rewrite log, x? in terms of log, x. 

performing additions. Napier is ed 

usually given credit for log, x? = 3 log, x ¢ Use the Logarithm Property of Powers. 
logarithms because he 3 
published his results first. 


A proof of this property can be found in the Appendix. 


ee, : Heke 
=> Rewrite = log, x with a coefficient of 1. 
In Napier’s original work, the 3 


logarithm of 10,000,000 was o. a 
After this work was published, 3 log, x = log, x78 
Napier, in discussions with 3 

Henry Briggs (1561-1631), 
decided that tables of 
logarithms would be easier to 
use if the logarithm of 1 were o. 
Napier died before new tables 
could be determined, and 


¢ Use the Logarithm Property of Powers. 


The following table summarizes the properties of logarithms that we have dis- 
cussed, along with two other properties. 


Briggs took on the task. His Summary of the Properties of Logarithms 
table consisted of logarithms ee ; 
accurate to 30 decimal places, Let x, y, and b be positive real numbers with b # 1. Then 
all accomplished without a 26 
ie in Product Property log, (x- y) = log, x + log, y 
: x 
The logarithms Briggs Quotient Property log, |—] = log, x — log, 
calculated are the common p p t 
logarithms mentioned earlier. BWeton (Oper log, BEE log, as 


Logarithm of One log,1 =0 
1-1 Property If log, x = log, y, then x = y. 
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=> Write big b at in expanded form. 


log, = = log, (xy) — log, z 


Use the Logarithm Property of Quotients. 
= log, x + log, y — log, z 


Use the Logarithm Property of Products. 
; be 
=» Write log, 7 in expanded form. 


2 
a 
log, ys = 100, 4° — log, > e Use the Logarithm Property of Quotients. 


= 2 log, x — 3 log, v ¢ Use the Logarithm Property of Powers. 


=» Write 2 log, x + 4 log, y as a single logarithm with a coefficient of 1. 


2 log, x + 4 log, y = log, x2 + log, v4 _—_—®_Use the Logarithm Property of Powers. 


= log, x’y4 e Use the Logarithm Property of Products. 
H Example 4 A You Try It 4 
Write log Vx+y in expanded form. Write log, Waxy? in expanded form. 
Solution Your solution 


los Vx7y = log G3y)!? = 5 log (x3y) 


= — (log x? + log y) 





foie 5 You Try It 5 
Write 5 (log, x — 3 log, y + log, z) asa Write 5 (log, x — 2 log, y + log, z) as a single 
single logarithm with a coefficient of 1. logarithm with a coefficient of 1. 
Solution Your solution 


we (log, x — 3 log, y + log; z) 





‘ales 6 # Yo 
Find log, 1. Find log, 1 
Solution Your solution 
log, 1 = 0 e Logarithm of One 


Solutions on p. S36 
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Why 
Objective C To use the Change-of-Base Formula ey > a» 


Although only common logarithms and natural logarithms are programmed 
into calculators, the logarithms for other positive bases can be found. 


=> Evaluate log, 22. 








log, 22 =x © Write an equation. 

* = 22 ¢ Write the equation in its equivalent exponential form. 

log 5* = log 22 © Take the common logarithm of each side of the equation. 
x log 5 = log 22 © Use the Power Property of Logarithms. 
log 22 
x= a 5 ® Divide each side by log 5. This is the exact answer. 
og 
x ~ 1.9206 © This is an approximate answer. 


log, 22 ~ 1.9206 


In the third step above, the natural logarithm, instead of the common loga- 
rithm, could have been applied to each side of the equation. The same result 
would have been obtained. 


Using a procedure similar to the one used to evaluate log; 22, a formula for 
changing bases can be derived. . 


Change-of-Base Formula 





=» Evaluate log, 14. 


log 14 


log, 14 = 
ee log 2 


¢ Use the Change-of-Base Formula with MV = 14, a = 2, b = 10. 


= 3.8074 


For the last example, common logarithms were used. Here is the same ex- 
ample using natural logarithms. Note that the answers are the same. — 





zh “ 
Tees 
oy It 7 . 











Objective A 


12.2 Exercises 


“1. a. What is a common logarithm? 
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b. How is the common logarithm of 4z written? 


2. a. What is a natural logarithm? 


b. How is the natural logarithm of 3x written? 


Write the exponential equation in logarithmic form. 


3. 5? = 25 


7. 10% =x 


Write the logarithmic equation in exponential form. 


11. log,9 =2 


H5;- nx = 


<=, 


Evaluate. 


19. log, 8i 


23. log 100 


277 log, | 


Solve for x. 


31. log,x =2 


35..-l0s, 4 = 


4. 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


103 = 1000 


Ca 


log, 32 = 5 


logx =¥v 


log, 49 


log 0.001 


log, 243 


| 
— 


loge x = 


Jog, % ="=2 


13. 


17. 


725 Ne 


25. 


20. 


33. 


£9 
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aX =w 


log 0.01 = —2 


log, u =v 


log, 128 


In e3 


log; 625 


log, x = 3 


log, x = 0 


10. 


14. 


18. 


nae 


26. 


30. 


34. 


38. 


1 
logs = = —] 


log.x =y 


logs 125 
In e? 


log, 64 
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Solve for x. Round to the nearest hundredth. 





39. logx = 2.5 40. logx = 3.2 41. logx = -1.75 42. logx = -2.1 
43. Inx =2 44. Inx=1.4 45. Inx =-5 46. Inx = -1.7 
Objective B a 

@ 47. What is the Product Property of Logarithms? 

O43. What is the Quotient Property of Logarithms? 
Express as a single logarithm with a coefficient of 1. 
49. log, «° + log, vy? 50.. leg, x + log, z* 51.0 Inxs in 
Bee ia Iny 53. Slog, x 54. 4 log, y 
53. 3inx+ 4Iiny 562, Zins — ain y 57. 2(log, x + log, y) 
58. S(og.7 — log, 7) 59. (log, ci —1Osey) 60. (log, xX —Joses) 
61, 2 log,x — log, y+ 2 log, z 62. 4log,r — 3 log, s + log. t 
635g e421 In Zz) 64. 2 log, x — 3(log, y + log, z) 
65 clog, s = 2ilog, f= log, 1) 66. 3(log, x + 2 log, y — 2 log, z) 
67. 3lnx — 4(ny + Inz) 68. Int — 3dnu+ In in 
69") Glog t = 2(log, 7 — log, v) 70+ 2dogiga —30og, y — aoe 
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1 1 
Tie 5G logit a 2clogyy + log, z) 1p 3 log.¢ 9 log, 2 = 7 log.) 
vie (rence grog 74. ES err aie 

2 , : 3 3 

1 2 1 Y 1 1 
75. 5 log, Lo 3 1082 Vas 5 1082 Z 76. 3 108s x 3 108s y = 5 108s Z 


Write the logarithm in expanded form. 


dd. logs (xz) 78. log, (rt) 
80. log, v’ 81. log, 4 
83. log, (x7y°) 84. log, (t4u7) 
s° 
86. log (=) 87. log, (rs)? 
89. In(x?yz) 90. In(@y’z?) 
92. log, (= 93. logs (=) 
95. log, Vey 96. log, Vx*y3 


79. 


82. 


85. 


88. 


91. 


94. 


ei 


log; x? 


log, (x24)? 
2 
xy 
logs 2) 
% 
oe (5 
Pe 
log, es 
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r? ign 100. log, — 
alae ahs i us 
98. log, ; 99. log, We 84 Vie 
Objective C 
Evaluate. Round to the nearest ten-thousandth. 
3 a 13 
101. log, 7 102. logy, 9 103. logy, 5 ; 104. logy, — 
17 13 
105. In4 106. In6 107. In re 108. In 17 
109. log, 6 110. log, 8 111. log, 30 112. log, 28 
i137 og) (0:5) 114. log, (0.6) 115. log, (1.7) 116. log, (3.2) 
117. slog. ls 118. log, 25 119. log,, 120 120. log, 90 
127," iog7 2.55 122. log, 6.42 123. log. 67 124. log, 35 


APPLYING THE CONCEPTS 


125. For each of the following, answer True or False. Assume all vari- 
ables represent positive numbers. 
Aloe. (- 9) —2 b. x” = z and log, z = y are 
equivalent equations. 





~ 1 & 
Clos Gs!) = eee d. log [=] = log x — logy 
e. log «- y) = logx - logy f. Iflog x = log y, then x = y. ie 


126. Complete each statement using the equation log, b = c. 
a. ac = b. antilog, (log, b) = 
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Graphs of Logarithmic Functions 


WW iy 
To graph a logarithmic function 


The graph of a logarithmic function can be drawn by using the relationship 
between the exponential and logarithmic functions. 





TUTOR WEB 





=> Graph: f(x) = log, x 


f(x) = log, 
Think of this as the equation y = log, x 
y = log, x 
Write the equivalent exponen- x = 29 
Be ne were tial equation. 





Because the equation is solved 


Merch Prctions have a for x in terms of y, it is easier to 
much broader use today. choose values of y and find the 
These functions occur in corresponding values of x. The 


geology, acoustics, chemistry, results can be recorded in a 
and economics, for example. hie 


Graph the ordered pairs on a 
rectangular coordinate system. 





Connect the points with a 
smooth curve. 


Applying the vertical-line and horizontal-line tests reveals that f(x) = log, x is 
a 1-1 function. 


= rae ——}] ™® Graph: f(x) = log, (x) + 1 

(TAKE NOTE rap fx) > (x) 

| See the Projects and ' Think of f(x) = log, (x) + 1 as the f(x) = log, @) + 1 
| Group Activities at the equation y = log, (x) + 1. y= log, Gal 
| end of this chapter for 

| suggestions on graphing — Solve for log, (x). y — 1 = log, &) 

_ logarithmic functions : 

_usinga graphing : Write the equivalent exponential Dye Viet x 

| calculator. Ley | equation. 


ene RSE DTN TURE RECT 


Choose values of y and find the 
corresponding values of x. 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 
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Example 1 You Try It 1 
Graph: f(x) = log; x Graph: f(x) = log, (x —1) 
Solution ; Your solution 
{tx) slog 
~ y = log, x 
3% =x ¢ Write the equivalent 
exponential equation. 


Sy 





lexample 2 = » £You Try It 2 


Graph: f(x) = 2 log, x Graph: f(x) = log, (2x) 
Solution Your solution 
~ fle) = 2 log, x 
; ’ = 2 log; x 
z= AOE x 
ere =x © Write the equivalent 


exponential equation. 





Eamols 3 You Try It 3 
Graph: f(x) = —log, (x — 2) Graph: f(x) = —log, («x + 1) 
Solution Your solution 

flee) = —log, (@@ - 2). ; 

y= logs (x =.2) : } 
= log, (x — 2) 

2 a 2 e Write the equivalent 

27+2=%x exponential equation. 





Solutions on p. S36 
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12.3 Exercises 





Objective A 


1. Is the function f(x) = log x a 1-1 function? Why or why not? 


2. Name two characteristics of the graph of y = log, x, b > 1. 


3. What is the relationship between the graph of x = 3” and that of 
y = log, x? 


4. What is the relationship between the graph of y = 3* and that of 











y = log, x? 
Graph. 
5. f(x) = log,x 6. f(x) = log, @ + 1) 7. f(x) = log, (2x — 1) 

ela 

a 
ey 
ayes 01 

ek 
cal 





1 
10. f(x) = 5 108 x 











Di 
Po 
4 
se Dsl aetna thes 
| i 
At PaO eon 
ao 
-4 
12. f(x) = —log, x 13. f(x) = log, @ — 1) 
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14. f(x) = log; (2 — x) 
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15. f@) =—log, @ — 1) 











4 
2 
—> x 
22 me 
=2 
-4 
APPLYING THE CONCEPTS 





23: 


24. 


) Use a graphing calculator to graph the following. 





Astronomers use the distance modulus of a star as a method of determin- 

ing the star’s distance from Earth. The formula is M = 5 log s — 5, where 

M is the distance modulus and s is the star’s distance from the Earth in 

parsecs. (One parsec ~ 1.9 x 10!3 mi.) 

a. Graph the equation. 

b. The point with coordinates (25.1, 2) is on the graph. Write a sen- 
tence that describes the meaning of this ordered pair. 


ms 


Without practice, the proficiency of a typist decreases. The equation 

S = 60 —7 In (¢ + 1), where S is the typing speed in words per minute and 

t is the number of months without typing, approximates this decrease. 

a. Graph the equation. 

b. The point with coordinates (4, 49) is on the graph. Write a sentence 
that describes the meaning of this ordered pair. 


16. f(x) ==logacle= 4) 





19. f(x) = > ~ 2 log, (x + 1) 





22 pie) = = ="3 los; (i 3) 














et Gael 


ATURE DOT 





Months 





ights reserved. 
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Solving Exponential and 
Logarithmic Equations 
OY © 


To solve an exponential equation 
An exponential equation is one in which the variable occurs 67**! = 63*~? 
in the exponent. The examples at the right are exponential Tens 
equations. 

Qxtl = 7 





An exponential equation in which each side of the equation can be expressed 
in terms of the same base can be solved by using the One-to-One Property of 
Exponential Functions. Recall that the One-to-One Property of Exponential 
Functions states that 


If b“ = b’, then u = v. 


In the two examples below, this property is used in solving exponential 
equations. 


=> Solve: 103*+5 = 10*-3 


1Q3%+5 = 10*-3 


i nics ie eh alae © Use the 1-1 Property of Exponential Functions to equate the 
exponents. 
DU 2 ade Nae Baa © Solve the resulting equation. 
2x = -8 
aE a 


Check: 107"= 10% 


103>-4)+5 | 10-473 
1NO-1272 107 


10-7 = 1077 





The solution is —4. 


mm Solve: 94+! = 27*7! 





gxtl = Q7*-1 
(32)*"1 = (33)--1 eo 32=9; 3=27 
32xt2 = 334-3 
20+ 2 =3x-— 3 e Use the 1-1 Property of Exponential Functions to equate the 
exponents. 
= aS © Solve for x. 
5=x 
Check: Orla 27% * 
gs#1 | 975-1 
Cer 21" 


531,441 = 531,441 


The solution is 5. 
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When each side of an exponential equation cannot easily be expressed in terms 
of the same base, logarithms are used to solve the exponential equation. 





Solve: 4° = 
To evaluate vee on a Scientific raat 
me log 4* = log 7 e Take the common logarithm of each side of the 


calculator, use the keystrokes 


7 [log|[ = ]4[log][ = ] x log 4 = log7 


equation. 
Rewrite the equation using the Properties of 


The display should read Logarithms. 
1.4036775. log 7 
x= ne 1.4037 © Solve for x. 
log 4 sy 8 
; : log 7 
The solution is 1.4037. e Note slr # log 7 — log 4. 


me Solve: 3*+! = 5 








3x41 = 5 
log 3**! = log 5 ¢ Take the common logarithm of each side of the 
equation. 
(x + 1)log 3 = log 5 e Rewrite the equation using the Properties of 
Logarithms. 
l 
xt+1= He 
log 3 
log 5 
x= a © Solve for x. 
log 3 
x =~ 0.4650 
The solution is 0.4650. 
‘Example 1 “You Try It 1 
Solve for n: (1.1)” = 2 Solve for n: (1.06)" = 1.5 
Solution Your solution 
CU 2 
log (1.1)* = log 2 
n log 1.1 = log 2 
] 
5 og 2 
log 1.1 
ee PM es, 
The solution is 7.2725. 
Ee Kosnnbeessckah ke ee 
Solve for x; 3% = 4 Solve for x: 43* = 25 
Solution Your solution 


3% = 4 
log 37* = log 4 
2x log 3 = log 4 








oe log 4 
log 3 
] 
epee ES 4 
2 log 3 
x ~ 0.6309 


The solution is 0.6309. Solutions on p. S37 
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Whe 
Objective B To solve a logarithmic equation uy & 
WEB 


A logarithmic equation can be solved by using the Properties of Logarithms. 
Here are two examples. 





= Solve: log, 20+ log, @ — 8) = 1 


loge xe logs (x= 8) = 1 
logy [x(x — 8)] = 1 


Use the Logarithm Property of Products 
to rewrite the left side of the equation. 


Ol x. 8) e Write the equation in exponential form. 

oe x 8x e Simplify. 

Or ox 9 e Solve for x. 

0 = @ — 9)\@ +I) e Factor and use the Principle of Zero 
Products. 


9) — () se qe jl = 0) 
ao eal 


Replacing x by 9 in the original equation reveals that 9 checks as a solution. 
Replacing x by ~1 in the original equation results in the expression 
log, (—1). Because the logarithm of a negative number is not a real number, 
—1 does not check as a solution. 


The solution of the equation is 9. 


=> Solve: log, 6 — log, (2x + 3) = log; & + 1) 


log; 6 — log, (2x + 3) = log; (« + 1) 





log, a aioe © lognaee 4) e Use the Quotient Property of Logarithms 
2x + 3 to rewrite the left side of the equation. 
=X e Use the 1-1 Property of Logarithms. 
2h 3 
6 = (2x + 3) +1) © Multiply each side by 2x + 3. 
6 2" ee 3 ¢ Multiply the binomials. 
Opera OK ae e Write the equation in standard form. 


0 = (2x — 1)(« + 3) © Solve for x. 


0 x+3=0 


Il 


se = Il 


f= x=-3 


i 
2 
Replacing x by ; in the original equation reveals that 5 checks as a solu- 


tion. Replacing x by —3 in the original equation results in the expression 
log; (—2). Because the logarithm of a negative number is not a real number, 
—3 does not check as a solution. 


ae 
The solution of the equation is 5. 


: Pree seeseeeseecesenes fear eae sees teeeeweee seeceee 


le3 Y abe cee 


euralons = Vig De 


. “Solve fe 


ae 


me : 4 tt 
x a 


ion has Ga 
og; (2t — 1) = 2 San ) 
Vee 
ees if 


Ot 
( (Se 


The solution is 5. 


ae in exponential form. 


4 Example 4 


‘Solve for x: ee “Jos, 6° - = ds = log, 2 


Sotttion 2 Po 
~ log, & le = lee: coat, 


alter . 


log, x 


_ The Sieh 2. 
seeeees Seen ieteeennes eeonseeees sie aise ee evcccees ssseseees see Vea wen 
Example 5 ‘ it 
ve for x: 4 ** 
log, Gx + De = logs Gx : 2)+ Tee 2) : 
isoirient ete hee 
log, (3x + 8) = ee Ay a3 *| - log, OR 12 Nae 
_ log, (3x + 8) = log, [2x Ff 2 - ~ 2)) 
. EN ay ee ees ees 
3a = 2x? — 2x — 7 Re ae 
— © ar Logetitn 
Oe: 2x? — ae D 
0 = (2x + 3)@- 4) 
| me +3=0 Vis oh | 


ex 7 


- x = t ? ; 
. 3 


3 Bae not ncaa Solution: 4 ; 
checks ia a solution sae, sohution is Ae 


5 
soe eecevenee eceeeeeseoseccces nists eee eg oe ave a eoeee geek eoceee veveeeloe ecesee oecceeccccoscccvccescoses 


SO veesvercccesccvesosevcsvecseneccerorcesesereeuanesseenes ses sviegssse eeeesocee 
You Try It 3 ‘ 
Solve for x: log, (x? — 3x) = 


~ Your solution 


SCOPE OOHHHHH HEHE EO EHESESHHHHEEEEOEOHOOHHOTEEEEE 


© You Try It 4 
Solve for x: log, x + log, (x + 3) = log, 4 


Your solution 


eee eerossesessases 


ispiesiewiniesic owe eneeece aialale'sie'eto Sta Pee eeeoeoesesesesescosscoce 


fou Try It 5 


ae for x: log, x + log; (x + Ne st) 


2 , 
Your solution 


Solutions on p. S37 
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12.4 Exercises 





Objective A 


“*, 1. What is an exponential equation? 


A 2. a. What does the One-to-One Property of Exponential Functions state? 


reserved. 
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b. Provide an example of when you would use this property. 











Solve for x. Round to the nearest ten-thousandth. 


3. 54x-1 = 5*-2 4, 74-3 = 72x11 
6. 10%5"= 1074 7. 9 = 3et 

21 liane Kee 10. 9% = 81-4 

12. 272-3 = 814 13, 252-7 = 1257) 
15. 5% = 6 16. 7* = 10 

18. = 2 19. 10" = 21 

212 = T 22min id 

24, 441 =9 25. 3%-1=4 


Objective B 


“27. What is a logarithmic equation? 


Ne What does the One-to-One Property of Logarithms state? 


Solve for x. 

D9 mnlog.(24 -)3) = 3 20. log,<dx + 1)=2 
26 iy 

B2uelog xe + 61) = 23 33. log; ra Ke 


5. Bx-4 = B5xt8 


8. 2-1 = 4 


11. 162-* = 322 


14, 8&7 = 643 


17; e=3 
20. °107 *=.37 
23 a0 


26. 4+? = 12 


Bislos, Cc 2) 


3x 
34. log, cay =] 
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35, log xi log imax) 36. In Ge 2) = In Geet) 37.. Ind: = la 4s =-13) 
38. log; (x — 2) = log, (2x) 39. In (Gx +2) =4 40. In(Qx + 3)=- 
41. log, (8%) dog, (? = 1) = log; 3 42. log, (3x) — log; (x? — 1) = log; 2 

43° log,« + los, 2x —3) = log, 2 44, log, x + log, (3x — 5)'= log, 2 

45. log, (6x) = log, 2 + log, (« — 4) 46. log, (5x) = log, 3 + log, (2x + 1) 


APPLYING THE CONCEPTS 


22) Solve each equation with a graphing calculator. Round answers to the nearest hundredth. 





Be SS =e 48. 2*=-x+2 49. 2*%*=x-1 BB = De 


ply in x- B22 i eal 5345 logexy Se 2x2 54. log; (2x) = —2x + 1 


55. A model for the distance s (in feet) that an object that is experiencing 














; : : “e 20:32 4. -0.32t @ 
air resistance will fall in t seconds is given by s = 312.5 In a oa 
Ay] a. Graph this equation. Suggestion: Use Xmin=0, Xmax = 4.5, 8 
== Ymin = 0, Ymax = 140, and Yscl = 20. g 
~ b. Determine, to the nearest hundredth of a second, the time it takes 4 Ph ah ae 
the object to travel 100 ft. 0 Si 2 ae 
Seconds 
56. A model for the distance s (in feet) that an object that is experiencing. me 
0.8 0.81 & ine Pee 
air resistance will fall in t seconds is given by s = 78 In a). 2 ne 
aS ae 
| a. Graph this equation. Suggestion: Use Xmin=0, Xmax = 45 olnus wei 
aS Ymin = 0, Ymax = 140, and Yscl = 20. E a 
_ b. Determine, to the nearest hundredth of a second, the time it takes 4 eae ee 
the object to travel 125 ft. Pips seme 
Seconds 


“57. The following “proof” shows that 0.5 < 0.25. Explain the error. 


(<2 i 
1 log 0.3< 2-los'0.5 
log 0.5 < log (0.5)? 
0.5 < (0.5)? 
0521025 
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as “A jo 










Law (C. Northcote 
;ometimes stated 
as "A | expand to fill the 
time allotted for the job.” 
However, Parkinson actually 
said that in any new 
government administration, 
administrative employees will 
be added at the rate of about 
5% to 6% per year. This is an 
example of exponential growth 
and means that a staff of 500 
will grow to approximately 630 
by the end of a 4-year term. 
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Applications of Exponential and 
Logarithmic Functions 


ss AW 
oS & > 
WEB SSM 


TUTOR 


VIDEO... 





To solve application problems 


A biologist places one single-celled bacterium in a culture, and each hour that 
particular species of bacteria divides into two bacteria. After one hour there will 
be two bacteria. After two hours, each of the two bacteria will divide and there 
will be four bacteria. After three hours, each of the four bacteria will divide and 
there will be eight bacteria. 


The table at the right shows the number of bac- 
teria in the culture after various intervals of time, 
t, in hours. Values in this table could also be found 
by using the exponential equation N = 2'. 





The equation N = 2‘ is an example of an exponential growth equation. In gen- 
eral, any equation that can be written in the form A = Agb", where A is the size 
at time f, Ag is the initial size, b > 1, and k is a positive real number, is an expo- 
nential growth equation. These equations are important not only in population 
growth studies but also in physics, chemistry, psychology, and economics. 


Recall that interest is the amount of money paid (or received) when borrowing 
(or investing) money. Compound interest is interest that is computed not only 
on the original principal, but also on the interest already earned. The compound 
interest formula is an exponential growth equation. 


The compound interest formula is P = A(1 + i)”, where A is the original 
value of an investment, i is the interest rate per compounding period, n is the 
total number of compounding periods, and P is the value of the investment after 
n periods. 


An investment broker deposits $1000 into an account that earns 12% annual 
interest compounded quarterly. What is the value of the investment after 
two years? 





0 
a ie = Ome =a (0 Find j, the interest rate per quarter. The quarterly 
4 a rate is the annual rate divided by 4, the number of 
quarters in one year. 
m= 4.2 = 8 © Find n, the number of compounding periods. The 
investment is compounded quarterly, 4 times a 
year, for 2 years. 
Je AGC 1) * Use the compound interest formula. 
P = 1000(1 + 0.03)8 © Replace A, i, and n by their values. 
P = 1267 ® Solve for P. 


The value of the investment after two years is approximately $1267. 
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Point of Interest 





F 1 biochemist Sgren 
Sgrensen in 1909 to measure 
the acidity of water used in the 
brewing of beer. pH is an 
abbreviation for pondus 
hydrogenii, which translates as 
“potential hydrogen.” 


Exponential decay offers another example of an exponential equation. One of the 
most common illustrations of exponential decay is the decay of a radioactive 
substance. For instance, tritium, a radioactive nucleus of hydrogen that has been 
used in luminous watch dials, has a half-life of approximately 12 years. This 
means that one-half of any given amount of tritium will disintegrate in 12 years. 


The table at the right indicates the amount of an ini- 
tial 10-microgram sample of tritium that remains after 
various intervals of time, t, in years. Values in this 
table could also be found by using the exponential 
equation A = 10(0.5)/!?. 





The equation A = 10(0.5)”!? is an example of an exponential decay equation. 
Comparing this equation to the exponential growth equation, note that for 
exponential growth, the base of the exponential equation is greater than 1, 
whereas for exponential decay, the base is between 0 and 1. 


A method by which an archaeologist can measure the age of a bone is called 
carbon dating. Carbon dating is based on a radioactive isotope of carbon 
called carbon-14, which has a half-life of approximately 5570 years. The expo- 
nential decay equation is given by A = A,(0.5)55”°, where Ag is the original 
amount of carbon-14 present in the bone, t is the age of the bone, and A is the 
amount of carbon-14 present after ¢ years. 


=» A bone that originally contained 100 mg of carbon-14 now has 70 mg of 
carbon-14. What is the approximate age of the bone? 








A = A,(0.5)9570 ¢ Use the exponential decay equation. 

70 = 100(0.5)#5570 e Replace A by 70 and A, by 100 and solve for t. 
0.7 = (0.5)#5570 e Divide each side by 100. 

log 0.7 = log (0.5)#5570 ¢ Take the common logarithm of each side of 

t the equation. Then simplify. 
log 0.7 = 5570 log (0.5) 
5570 log 0.7 
log0.5 
2866 =~ t 


The bone is approximately 2866 years old. 


A chemist measures the acidity or alkalinity of a solution by measuring 
the concentration of hydrogen ions, Ht, in the solution using the formula 
pH = —log (H*). A neutral solution such as distilled water has a PH of 7, acids 


have a pH less than 7, and alkaline solutions (also called basic solutions) have a 
pH greater than 7. 


~» Find the pH of orange juice that has a hydrogen fon concentration, H*, of 
2.9 x 10-4. Round to the nearest tenth. 
pH = —log (H*) F 
=a logi(2.98< 41.074) © Ht =29 x 10-4 
=B8513:16 


The pH of the orange juice is approximately 3.5. 
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TAKE NOTE 


Note that we do not 


~ need to know the value 
_ of J) in order to 


determine the Richter 


_ scale magnitude of the 
_ earthquake. 





level of an earthquake 
increases the Richter scale 
magnitude of the earthquake 
by only 1. 
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Logarithmic functions are used to scale very large or very small numbers into 
numbers that are easier to comprehend. For instance, the Richter scale magni- 
tude of an earthquake uses a logarithmic function to convert the intensity of 
shock waves J into a number M, which for most earthquakes is in the range of 0 
to 10. The intensity J of an earthquake is often given in terms of the constant Jp, 
where J, is the intensity of the smallest earthquake, called a zero-level earth- 
quake, that can be measured on a seismograph near the earthquake’s epicenter. 


An earthquake with an intensity J has a Richter scale magnitude of M = log fal 
0 


where J, is the measure of a zero-level earthquake. 


> Find the Richter scale magnitude of the 1999 Joshua Tree, California, earth- 
quake, which had an intensity J of 12,589,254/). Round to the nearest tenth. 


if 
M = log |— 
ve(7) 
12,589,254] 
M = log (Aee2ese| © | = 12,589,254/, 
0 
M = log 12,589,254 ¢ Divide the numerator and denominator by /,, 


M=7.1 e Evaluate log 12,589,254. 


The 1999 Joshua Tree earthquake had a Richter scale magnitude of 7.1. 


If you know the Richter scale magnitude of an earthquake, you can determine 
the intensity of the earthquake. 


=> Find the intensity of the 1999 Taiwan earthquake, which measured 7.6 on the 
Richter scale. Write the answer in terms of J). 


I 
1.6: >log 7) e Replace Min M = log (7 by 7.6. 
I, I, 
try vel seas : 
10°° = I. e Write in exponential form. 
0 
107°L, =J © Multiply both sides by J). 
39 81G flit, = 1 e Evaluate 107°. 


The 1999 Taiwan earthquake had an intensity that was approximately 
39,810,717 times the intensity of a zero-level earthquake. 


The percent of light that will pass through a substance is given by log P = eal ook 
where P is the percent of light passing through the substance, k is a constant 
depending on the substance, and d is the thickness of the substance in meters. 


=> For certain parts of the ocean, k = 0.03. Using this value, at what depth will 
the percent of light be 50% of the light at the surface of the ocean? Round 


to the nearest meter. 


log P = —kd 
log(0.5) = —0.03d e Replace P by 0.5 (50%) and k by 0.03. 
uel) =e) e Solve for d. 
=0.03 
10.0343 ~d 


At a depth of about 10 m, the light will be 50% of the light at the surface. 
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eeceee 
HOMO OOOOH esr eT EOS ESEEEEEEEEEOEBOEED 
SOPHO EH TO OTOH ES HEHE REH HEED ESSE HEHEHE H SO HSH ES EH EE SEL OH OS HE OEE OOOH EHH RHEL ESESECOT THFOHOTHSE OOOH HOLE ESSH ESOS EE EHEHHEDOE 


: Example 1 You Try It 1 
An investment of $3000 is placed into an Find the hydrogen ion concentration, H*, of 
account that earns 12% annual interest vinegar that has a pH of 2.9. Round to the 
compounded monthly. In approximately nearest hundred thousandth. 


how many years will the investment be worth 
twice the original amount? 








Strategy Your strategy 
To find the time, solve the compound interest 
formula for n. Use P = 6000, ek Gk 
; 12% 0.12 
A = 3000, andi = 5 0.01. 
Solution Your solution 
P=A(1 +i" 


6000 = 3000(1 + 0.01)” 
6000 = 3000(1.01)” 
= (1.01)” 
log 2 = log (1.01)" 
log 2 = n log 1.01 


Logis ae 3 
log 1.01 
70 ~n 


70 months + 12 ~ 5.8 years 


In approximately 6 years, the investment 
will be worth $6000. 


eee 2 a Try It 2 
The number of words per minute that a On September 3, 2000, an earthquake 
student can type will increase with practice measuring 5.2 on the Richter scale struck 
and can be approximated by the equation the Napa Valley, located 50 mi north of 
N = 100[1 — (0.9)‘], where N is the number of San Francisco. Find the intensity of the 
words typed per minute after t days of quake in terms of Jp. : 


instruction. Find the number of words a 
student will type per minute after 8 days 
of instruction. 


Strategy Your strategy 
To find the number of words per minute, 


replace ¢ by its given value in the equation and 
solve for N. 


Solution 

N = 100[1 — (0.9)¢] eK 
= 100[1 — (0.9)8] 
= 56.95 


Your solution 


After 8 days of instruction, a student will type 
approximately 57 words per minute. 


Solutions on p. S37 
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12.5 Exercises 


Objective A 
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For Exercises 1 to 4, use the compound interest formula P = A(1 + i)", where 
A is the original value of an investment, i is the interest rate per compounding 
period, n is the total number of compounding periods, and P is the value of the 
investment after n periods. 


1 E 


An investment broker deposits $1000 into an account that earns 8% 
annual interest compounded quarterly. What is the value of the invest- 
ment after 2 years? Round to the nearest dollar. 


A financial advisor recommends that a client deposit $2500 into a fund 
that earns 7.5% annual interest compounded monthly. What will be the 
value of the investment after 3 years? Round to the nearest cent. 


To save for college tuition, the parents of a preschooler invest $5000 in a 
bond fund that earns 6% annual interest compounded monthly. In 
approximately how many years will the investment be worth $15,000? 


A hospital administrator deposits $10,000 into an account that earns 9% 
annual interest compounded monthly. In approximately how many years 
will the investment be worth $15,000? 


1 tlk 


For Exercises 5 to 8, use the exponential decay equation A = Ad(3] , where A 


is the amount of a radioactive material present after time tf, k is the half-life of 
the radioactive substance, and A, is the original amount of radioactive sub- 
stance. Round to the nearest tenth. 


>: 


An isotope of technetium is used to prepare images of internal body 
organs. This isotope has a half-life of approximately 6 h. A patient is 
injected with 30 mg of this isotope. 

a. What is the technetium level in the patient after 3 h? 

b. How long (in hours) will it take for the technetium level to reach 


20 mg? 


Iodine-131 is an isotope that is used to study the functioning of the 

thyroid gland. This isotope has a half-life of approximately 8 days. A 

patient is given an injection that contains 8 micrograms of iodine-131. 

a. What is the iodine level in the patient after 5 days? 

b. How long (in days) will it take for the iodine level to reach 
5 micrograms? 


A sample of promethium-147 (used in some luminous paints) weighs 
25 mg. One year later, the sample weighs 18.95 mg. What is the half-life 
of promethium-147, in years? 


683 


684 
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Francium-223 is a very rare radioactive isotope discovered in 1939 by 
Marguerite Percy. A 3-microgram sample of francium-223 decays to 
2.54 micrograms in 5 min. What is the half-life of francium-223, in minutes? 


Earth's atmospheric pressure changes as you rise above its surface. At an 
altitude of h kilometers, where 0 < h < 80, the pressure P, in newtons per 
square centimeters (N/cm?), is approximately modeled by the equation 
Pl) = 10,132 2" 

a. What is the approximate pressure at 40 km above Earth’s surface? 

b. What is the approximate pressure on Earth’s surface? i 
c. Does atmospheric pressure increase or decrease as you rise above 

Earth’s surface? 


The U.S. Census Bureau provides information about various segments of 
the population in the United States. The following table gives the number 
of people, in millions, age 80 and older at the beginning of each decade 
from 1910 to 2000. An equation that approximately models the data is 
y = 0.18808(1.0365)*, where x = 0 corresponds to 1900 and y is the popu- 
lation, in millions, of people age 80 and over. 





a. According to the model, what is the predicted population of this age 
group in the year 2020? Round to the nearest tenth of a million. (Hint: 
You will need to determine the x-value for the year 2020.) 

b. In what year does this model predict that the population of this age 
group will be 15 million? Round to the nearest year. 


For Exercises 11 and 12, use the equation pH = —log (H+), where H* is the 
hydrogen ion concentration of a solution. Round to the nearest tenth. 


11. 


12. 


For Exercises 13 and 14, use the equation log P = —kd, which gives the rela- 
tionship between the percent P, as a decimal, of light passing through a sub- 
stance of thickness d, in meters. Round to the nearest tenth. 


13. 


14. 


Find the pH of milk, which has a hydrogen ion concentration of 
3.97 105% 


Find the pH of a baking soda solution for which the hydrogen ion con- 
centration is 3.98 xX 107°. 


The value of k for a swimming pool is approximately 0.05. At what 


depth, in meters, will the percent of light be 75% of the light at the sur- 
face of the pool? 


The constant k for a piece of blue stained glass is 20. What percent of 
light will pass through a piece of this glass that is 0.005 m thick? 
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For Exercises 15 and 16, use the equation D = 10(log J + 16), where D is the 
number of decibels of a sound and J is the power of the sound measured in 
watts. Round to the nearest whole number. 


15. Find the number of decibels of normal conversation. The power of the 
sound of normal conversation is approximately 3.2 x 10~!° watts. 


16. The loudest sound made by any animal is made by the blue whale 
Pe) and can be heard from more than 500 mi away. The power of the 
sound is 630 watts. Find the number of decibels of sound emitted 

by the blue whale. 


17. During the 1980s and 1990s, the average time T that it took to play 
2 a major league baseball game increased each year. If the year 1981 
is represented by x = 1, then the function T(x) = 149.57 + 7.63 In x 
approximates the time 7, in minutes, to play a major league base- 
ball game for the years x = 1 to x = 19. By how many minutes did 
the average time of a major league baseball game increase from 

1981 to 1999? Round to the nearest tenth. 





18. In 1962, the cost of a first-class postage stamp was $.04. In 2002, the 

a) cost was $.37. The increase in cost can be modeled by the equation 

C = 0.04e9-5”, where C is the cost and ¢ is the number of years after 

1962. According to this model, in what year did a first-class postage 
stamp cost $.22? 





19. The intensity / of an X-ray after it has passed through a material that is x 
centimeters thick is given by J = Ie“, where Jy is the initial intensity of 
the X-ray and k is a number that depends on the material. The constant k 
for copper is 3.2. Find the thickness of copper that is needed so that the 
intensity of an X-ray after passing through the copper is 25% of the orig- 
inal intensity. Round to the nearest tenth. 


20. One model for the time it will take for the world’s oil supply to be depleted 
is given by the equation T = 14.29 In (0.0041 1r + 1), where r is the esti- 
mated world oil reserves in billions of barrels and T is the time, in years, 
before that amount of oil is depleted. Use this equation to determine how 
many barrels of oil are necessary to meet the world demand for 20 years. 
Round to the nearest tenth. 


I : 
For Exercises 21 to 24, use the Richter scale equation M = log 7 where M is 


the magnitude of an earthquake, / is the intensity of the shock waves, and [y is 
the measure of the intensity of a zero-level earthquake. 


21. On July 14, 2000, an earthquake struck the Kodiak Island region of 
Alaska. The earthquake had an intensity of J = 6,309,573/,. Find the 
Richter scale magnitude of this earthquake. Round to the nearest tenth. 
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The earthquake that occurred on January 26, 2000, near Gujarat, India, 
had an intensity of J = 50,118,723J). Find the Richter scale magnitude of 
this earthquake. Round to the nearest tenth. 


An earthquake that occurred in Japan on March 2, 1933, measured 8.9 on 
the Richter scale. Find the intensity of this earthquake in terms of Jp. 
Round to the nearest whole number. 


An earthquake that occurred in China in 1978 measured 8.2 on the 


a) Richter scale. Find the intensity of this earthquake in terms of J). Round ' 


to the nearest whole number. 


Shown at the right is a seismogram, which is 
used to measure the magnitude of an earth- 
quake. The magnitude is determined by the 
amplitude A of a shock wave and the difference 
in time ¢, in seconds, between the occurrences 
of two types of waves called primary waves and 
secondary waves. As you can see on the graph, 
a primary wave is abbreviated p-wave, and a 
secondary wave is abbreviated s-wave. The 
amplitude A of a wave is one-half the differ- 
ence between its highest and lowest points. For 
this graph, A is 23 mm. The equation is 





Arrival of 
first s-wave 





Amplitude = 23 mm 


Arrival of mS t 
first p-wave 





| | 
| I 
I | 
| | 
——e 
24 seconds 
Time between 
s-wave and p-wave 


Determine the magnitude of the earthquake for the seismogram given in 


Find the magnitude of an earthquake that has a seismogram with an 


M = logA + 3 log 8t — 2.92. 
25. 
the figure. Round to the nearest tenth. 
26. 
amplitude of 30 mm and for which ¢ is 21 s. 
IA hes 


Find the magnitude of an earthquake that has a seismogram with an 
amplitude of 28 mm and for which ¢ is 28 s. 


APPLYING THE CONCEPTS 


28. 


29, 


The value of an investment in an account that earns an annual interest 

rate of 10% compounded daily grows according to the equation 
0.10365 Aa 

A= Ag(1 te 32) , where Ay is the original value of an investment and 


t is the time, in years. Find the time for the investment to double in value. 
Round to the nearest year. 


e« 


Some banks now use continuous compounding of an amount invested. In 
this case, the value of an initial investment of A dollars after t years at an 
annual interest rate of r% is given by the equation P = Ae”. Using this 
equation, find the value after 5 years of an investment of $2500 in an 
account that earns 5% annual interest. 


‘ 
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e Focus on Problem Solving 


Proof by 
Contradiction 


The four-step plan for solving problems that we have used before is restated here. 


1. Understand the problem. 
2. Devise a plan. 

3. Carry out the plan. 

4. Review the solution. 


One of the techniques that can be used in the second step is a method called 
proof by contradiction. In this method you assume that the conditions of the 
problem you are trying to solve can be met and then show that your assumption 
leads to a condition you already know is not true. 


To illustrate this method, suppose we try to prove that V2 is a rational number. 
We begin by recalling that a rational number is one that can be written as the 
quotient of integers. Therefore, let a and b be two integers with no common fac- 
tors. If V2 is a rational number, then 


V2 =5 
b 
B 
Ors <) e Square each side. 
2 
a 
ee 
2be = a © Multiply each side by b?. 


From the last equation, a* is an even number. Because a2 is an even number, a is 
an even number. Now divide each side of the last equation by 2. 


2b2 = a? 
2b? =a-a 
2= 3 e ue 
b ae x Sa 


Because a is an even number, a - x is an even number. Because a - x is an even 
number, b? is an even number, and this in turn means that b is an even number. 
This result, however, contradicts the assumption that a and b are two integers 
with no common factors. Because this assumption is now known not to be true, 
we conclude that our original assumption, that \V/2 is a rational number, is false. 
This proves that V2 is an irrational number. 


Try a proof by contradiction for the following problem: “Is it possible to write 
numbers using each of the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 exactly once such 


that the sum of the numbers is exactly 100?”* Here are some suggestions. First 
note that the sum of the 10 digits is 45. This means that some of the digits used 
must be tens digits. Let x be the sum of those digits. 


1. What is the sum of the remaining units digits? 

2. Express “the sum of the units digits and the tens digits equals 100” as an 
equation. 

3. Solve the equation for x. 

4. Explain why this result means that it is impossible to satisfy both conditions 
of the problem. 


*G. Polya, How to Solve It: A New Aspect of Mathematical Method. Copyright © 1957 by Princeton 
University Press. Reprinted by permission of Princeton University Press. 
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@ Projects and Group Activities 


Fractals* 




















Fractals have a wide variety of applications. They have been used to create spe- 
cial effects for the Star Wars and Star Trek movies and to explain the behavior of 
some biological and economic systems. One aspect of fractals that has fascinated 
mathematicians is that they apparently have fractional dimension. 


To understand the idea of fractional dimension, one must first understand the 
terms “scale factor” and “size.” Consider a unit square (a square of length 1). By 
joining four of these squares, we can create another square, the length of which 
is 2, and the size of which is 4. (Here, size = number of square units.) Four of 
these larger squares can in turn be put together to make a third square of length 
4 and size 16. This process of grouping together four squares can in theory be 
done an infinite number of times; yet at each step, the following quantities will 
be the same: 

new length new size 


Size ratio = 


ae old length old size 


Consider the unit square as Step 1, the four unit squares as Step 2, etc. 
1. Calculate the scale factor going from a. Step 1 to Step 2, b. Step 2 to Step 3, 
and ec. Step 3 to Step 4. 


2. Calculate the size ratio going from a. Step 1 to Step 2, b. Step 2 to Step 3, and 
c. Step 3 to Step 4. 


3. What is a. the scale factor and b. the size ratio going from Step n to 
Stepi7z ql? 


Mathematicians have defined dimension using the formula d = leg Semis 
log (scale factor) 





log (size ratio) _ log4 _ 


For the squares discussed above, d = = 
log (scale factor) log 2 





So by this definition of dimension, squares are two-dimensional figures. 


Now consider a unit cube (Step 1). Group eight unit cubes to form a cube that is 
2 units on each side (Step 2). Group eight of the cubes from Step 2 to form a cube 
that is 4 units on each side (Step 3). 


4. Calculate a. the scale factor and b. the size ratio for this process. 
5. Show that the cubes are three-dimensional figures. 


In each of the above examples, if the process is continued indefinitely, we still 
have a square or a cube. Consider a process that is more difficult to envision. Let 
Step 1 be an equilateral triangle whose base has length 1 unit, and let Step 2 be 
a grouping of three of these equilateral triangles, such that the space between 
them is another equilateral triangle with a base of length 1 unit. Three shapes 
from Step 2 are arranged with an equilateral triangle in their center, and so on. 
It is hard to imagine the result if this is done an infinjte number of times, but 
mathematicians have shown that the result is a single figure of fractional dimen- 
sion. (Similar processes have been used to create fascinating artistic patterns 
and to explain scientific phenomena.) 


6. Show that for this process a. the scale factor is 2 and b. the size ratio is 3. 
7. Calculate the dimension of the fractal. (Note that it is a fractional dimension!) 


“Adapted with permission from “Student Math Notes,” by Tami Martin, News Bulletin, November 1991. 
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Solving Exponential A graphing calculator can be used to draw the graphs of logarithmic functions. 

and Logarithmic Note that there are two logarithmic keys, and [LN], on a graphing calcu- 
Equations Using a lator. The first key gives the values of common logarithms (base 10), and the 
Graphing Calculator second gives the values of natural logarithms (base e). 






4 








layt 

pee To graph y = In x, press the key. Clear any equations already entered. 
Press [LN] [GRAPH]. The graph is shown at the left with a view- 
ing window of Xmin = —1, Xmax = 8, Ymin = —5, Ymax = 5. 


Some exponential and logarithmic equations cannot be solved alge- 
braically. In these cases, a graphical approach may be appropriate. Here is 
an example. 


=> Solve In (2x + 4) = x? for x. Round to the nearest hundredth. 


Rewrite the equation by subtracting x? In (2x + 4) = x? 
from each side of the equation. In (2x + 4) — x? =0 


The zeros of f(x) = In (2x +.4) = x’ are 
the solutions of In (2x + 4) — x* = 0. 





Graph f and use the zero feature of the 
graphing calculator to estimate the 
solutions to the nearest hundredth. 


Yi =In Qx+ 4) - x? 





—5 J+ 5 
The zeros are approximately —0.89 and 
1e3oe 
The solutions are —0.89 and 1.38. =5 


Solve for x by graphing. Round to the nearest hundredth. 


1. 2*=2x +4 pegs ie aa | 

3.0 = —20— 2 4. e =3x+4 

Blog (20 bara 3 6. log (x + 4) = —2x + 1 
Toln(e +2) =x? —3 8. nx =-x’?+1 


To graph a logarithmic function with a base other than base 10 or base e, 
the Change-of-Base Formula is used. Here is the Change-of-Base Formula, 
which we discussed earlier. 


log, N 


l N= 
aa log, a 


To graph y = log, x, first change from base 2 logarithms to the equivalent 
base 10 logarithms or natural logarithms. Base 10 is shown here. 


log x 
log 2 





y =log,x = ¢ a=2,b=10,N=x 


: : log x ; 
Then graph the equivalent equation y = ao The graph is shown at 


the left with a viewing window of Xmin = —1, Xmax = Say mint =a Oy 
Ymax = 5. 
6 The graphs of more complicated functions involving logarithms 


Y,=-2log,(2x+5)+1 are produced in much the same way as outlined above. To graph 
4 y = —2 log, (2x + 5) + 1, enter into the calculator the equivalent equa- 
—2 log (2x + 5) 4] 


LODE a loz 3 
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Chapter Summary } Summary 


Key Words A function of the form f(x) = b*, where b is a positive real number not equal 
to 1, is an exponential function. The number b is the base of the exponential 
function. [p. 651] 


The function defined by f(x) = e* is called the natural exponential function. 
[p. 652] 


Because the exponential function is a 1-1 function, it has an inverse function : 
that is called a logarithm. The defnition of logarithm is as follows: For b > 0, 
b # 1, y = log, x is equivalent to x = b’. [p. 659] 


@eeease 


If log, M =N, then M is the antilogarithm base b of N. In exponential form, 
M = b®. [p. 660] 


Logarithms with base 10 are called common logarithms. The base, 10, is omitted 
when the common logarithm of a number is written. The decimal part of a com- 
mon logarithm is called the mantissa; the integer part is called the characteristic. 
[p. 660] 


When e (the base of the natural exponential function) is used as the base of a log- : 
arithm, the logarithm is referred to as the natural logarithm and is abbreviated : 
In x. [p. 660] 


An exponential equation is one in which a variable occurs in the exponent. : 
[p. 673] 


An exponential growth equation is an equation that can be written in the form ° 
A= ARb where A is the size at time f, A, is the initial size, b>1, andkisa : 
positive real number. In an exponential decay equation, the value of b is between ° 
0 and 1. [pp. 679, 680] 


Essential Rules The One-to-One Property of Exponential Functions [p. 659] 
For) = 0b 211) it b* = b’thenuws => 


The Logarithm Property of the Product of Two Numbers [p. 661] 
For any positive real numbers x, y, and b, b # 1, log, (xy) = log, x + log, y. 


ececessvese 


The Logarithm Property of the Quotient of Two Numbers [p. 662] 
For any positive real numbers x, y, and b, b # 1, log, * = log, x — los. y: 
y 


The Logarithm Property of the Power of a Number [p. 662] 


For any positive real numbers x and b, b # 1, and for any real number r, 
log, x" = r log, x.’ 


Additional Properties of Logarithms [p. 662] 
For any positive real numbers x, y,andb,b #1: log, (ERD) 


log nb ax 
Change-of-Base Formula [p. 664] 


log, N = ier 
log, a 


To Solve Numerical Problems Using Logarithms [p. 662] 
For any positive real numbers «x, 3). and, OS Desa eek logpn= 


log, y, then x = y. 
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1. 


3: 


11. 


13. 


15. 


@ Chapter Review 


Evaluate j(x) = e*-2 at x = 2. 


Graph: f(x) = 3-* + 2 








Write log, Vx2y?_ in expanded form. 


Solve: 272 + 4 = 817-3 


Find log, 22. Round to the nearest ten- 
thousandth. 


Solve: log, @ + 2)-= 4 


Write +(loz, x + 4 log, y) as a single loga- 


rithm with a coefficient of 1. 


Write 25 = 32 in logarithmic form. 


2s 


4. 


10. 


12. 


14. 


16. 
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Chapter Review 


Write log; 25 = 2 in exponential form. 


Graph: f(x) = log; (x — 1) 





Write 2 log, x — 5 log; y as a single logarithm 
with a coefficient of 1. 


16 2 DB 
3x 





Solve: log; = 1 


Solve: log, x = 5 


Solve: logiy9 x = 3 


5 
Write logs , | 7 in expanded form. 


Find log, 1.6. Round to the nearest ten- 
thousandth. 


692 


17. 


19, 


ZA; 


23. 


25. 


26. 
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Portas 
Solve 3**? = 5 for x. Round to the nearest 18. Evaluate f(x) = (2) atx = 33; 
thousandth. 








Solve: log; (a4 2) = log, x — log, 4 20. Solve: log, (2x) = log, 2 + log, (3x — 4) 
9} x+1 ile ‘ 
Graph: f(x) = [=] 22. Gtapb; {@) = log, (2-1) 
y 
y ae 
eames - 7 
itr : BI - ie: aR 5 = AL ; rata 








Use the compound interest formula P = A(1 + i)", where A is the original 
value of an investment, i is the interest rate per compounding period, and 
n is the number of compounding periods, to find the value of an investment 
after 2 years. The amount of the investment is $4000, and it is invested at 
8% compounded monthly. Round to the nearest dollar. 


An earthquake off the coast of Central America in January, 2001, had an 
intensity of J = 39,810,717/,. Find the Richter scale magnitude of the 


Zz 

earthquake. Use the Richter scale equation M = log re where M is the 
0 

magnitude of an earthquake, / is the intensity of the shock waves, and J, is 


the measure of the intensity of a zero-level earthquake. Round to the near- 
est tenth. 


tlk 
Use the exponential decay equation A = 44(5) , where A is the amount 


of a radioactive material present after time f, k is the half-life, and Ag is the 
original amount of radioactive material, to find the half-life of a material 


that decays from 25 mg to 15 mg in 20 days. Round to the nearest whole 
number. 


The number of decibels, D, of a sound can be given by the equation 
D = 10(log I + 16), where J is the power of the sound measured in watts. 
Find the number of decibels of sound emitted from a busy street corner for 
which the power of the sound is 5 X 10-6 watts. 
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Gs Chapter Test 


1. Evaluate f(x) = ) ate ()) 


a. Graph: 7x) =2* — 3 





5. Evaluate: log, 16 


7. Graph: f(x) = log, (2x) 





9. Write log, Vxy> in expanded form. 


Chapter Test 693 


2. Evaluate j(%) = 3°" bat. «.= —2, 


4. Graph: f(x) = 2* + 2 





6. Solve torx: log,x« = —2 


8. Graph: f(x) = log; (« + 1) 








10. Write 5 (log, x — log; y) as a single logarithm 


with a coefficient of 1. 


694 Chapter 12 / Exponential and Logarithmic Functions 


11. Write In (+. in expanded form. 
Ve 


13. Solvetors: 37"! = 3255 


15. Solve for x: 3* = 17 
Round to the nearest ten-thousandth. 


17. Solve for x: log, x + log, (x -— 1) = 1 


19. Find log, 19. 
Round to the nearest ten-thousandth. 


1 : 
12. Write3 lox —Iny — a In z as a single loga- 


rithm with a coefficient of 1. 


14. Solve for x: 8% = 2*~6 


16. Solve for x: log x + log (x — 4) = log 12 


18. Find log, 9. 
Round to the nearest ten-thousandth. 


20. Use the exponential decay equation 
tlk 
A= 4,(5| , where A is the amount of a radio- 


active material present after time ¢, k is the 
half-life of the material, and A, is the original 
amount of radioactive material, to find the 
half-life of a material that decays from 10 mg 


to 9 mg in 5 h. Round to the nearest whole 
number. 
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11. 


‘3. 


q Cumulative Review 


Solve: 4 — 2[x — 3(2 — 3x) — 4x] = 2x 


Factor: 4x2" + 7x" + 3 


Simplify: ee 


Find the unknown side of the triangle in the 
figure below. 


10 cm 


24 cm 


Solve by the addition method. 
Sie V3 
ery 4z=7 

B42 2y + 32 = 8 


Solve: x2 + 4x —-5 =0 


Graph: f(x) = el +] 
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Cumulative Review 


2. Find the equation of the line that contains 
the point (2, —2) and is parallel to the line 
2X = VES, 


1 = 
4. Simplify: 
sk 


+ 


elRPlaelwm 
lon *hl os 


6. Solve by completing the square: 
Kare Xe OO 


8. Graph the solution set: 2x —y < 3 











xe yiel 
nota ees x ahi 
“4 
a Al 
iP 
4 Lignoe 
10. Subtract: aE ales ENG 


12?" Solves|2% = Sl'="3 


14. Graph: f(x) = log, x — 1 
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15. New carpet is installed in a room measur- 16. Solve for x: log, x = 3 
ing 18 ft by 14 ft. Find the area of the room in 
square yards. (9 ft? = 1 yd?) 


17. Write 3 log, x — 5 log, y as a single logarithm 18. Find log, 7. Round to the nearest ten- 
with a coefficient of 1. thousandth. 
19. Solve for x: 45*-2 = 43*+2 20. Solve for x: log x + log (2x + 3) = log 2 


21. A bank offers two types of checking accounts. One account has a charge 
of $5 per month plus 2 cents per check. The second account has a charge 
of $2 per month plus 8 cents per check. How many checks can a customer 
who has the second type of account write if it is to cost the customer less 
than the first type of checking account? 


22. Find the cost per pound of a mixture made from 16 lb of chocolate that 
costs $4.00 per pound and 24 Ib of chocolate that costs $2.50 per pound. 


23. A plane can fly at a rate of 225 mph in calm air. Traveling with the wind, 
the plane flew 1000 mi in the same amount of time that it took to fly 
800 mi against the wind. Find the rate of the wind. 


24. The distance (d) that a spring stretches varies directly as the force (f) 
used to stretch the spring. If a force of 20 lb stretches a spring 6 in., how 
far will a force of 34 lb stretch the spring? 


25. A carpenter purchased 80 ft of redwood and 140 ft of fir for a total cost of 
$67. A second purchase, at the same prices, included 140 ft of redwood and 
100 ft of fir for a total cost of $81. Find the cost of redwood and of fir. 


26. The compound interest formula is P = A(1 + i)", where A is the original , 
value of an investment, i is the interest rate per compounding period, f 
n is the total number of compounding periods, and P is the value of the 
investment after n periods. Use the compound interest formula to find 
the number of years in which an investment of $5000 will double in value. 
The investment earns 9% annual interest and is compounded semiannually. 
Round to the nearest whole number. 
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11. 


13. 


13. 


& Final Exam 
Simplify: 
12 — 8[3 — (-2)P +5 -3 


Simple es ax — 7(2.— x) — 5x] 


Solve: 8 — [5 — 3x| = 1 


Graph 2x — 3y = 9 using the x- and 
y-intercepts. 





Find the equation of the line that contains the 
point (—2, 1) and is perpendicular to the line 
of 2y = 6. 


Factor: 6 — x*y? 


Divide: (2x3 — 7x2 + 4) + (2x — 3) 


Seam 6) 
Ree 


93 = 2 
Kecte2 





Subtract: 


10. 


12. 


14. 


16. 


697 


Final Exam 


a’ — b? 





Evaluate when a = 3 andb = —4. 


3 
Solve: 4° —-2=4 


Find the volume of a sphere with a diameter 
of 8 ft. Round to the nearest tenth. 


Find the equation of the line containing the 
points (3, —2) and (1, 4). 


Simplify: 2a[5'*= a2.—13¢)) 2a 3a 


Factor — yk + xy 


Wied e 
' Ax? — 4 


x? — 3x 
x? — 3x-5 





eae 
Divide: 5 





Simplify: _ 
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Wh 


19, 


ZL. 


23. 


25: 


Zi. 


29. 


317 


Final Exam 











5 
Solve: = = 
rae 


Die ai ee. is Se) 








; 4x?y~! —2 2 lye 3 
Simplify: (ee Gyn 2y2 


Subtract: xV18x2y3 — yV50x4y 





Simplify: 5 ; 
i 


Solve by using the quadratic formula: 


2x? = 3x —1=0 


Graph: f(x) = —x? + 4 


p< 











2 
Solve: — — =3. || 
Be 


Solve by the addition method: 
3x = 2y=1 
i= oy —==3 


18. 


20. 


inze 


24. 


26. 


28. 


30. 


32: 


Solve a,, = a, + (n — 1)d for d. 


3x23 =) 


Simplify: (ae 


Write a quadratic equation that has integer 


1 
coefficients and has solution = ane 2 


Solve: x23 — x13 —-6=0 








Find ss inverse of the function 


f(x) = =x — 4, 


as 
‘ 


Evaluate the determinant: 
Bye t! 
ai) ® 
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33. Solve: 2 = 3x-< 6and 2x 4+1>4 





34. 
35. Graph the solution set: 3x + 2y > 6 36. 
iy 
4 
2 
dy eee Ae 
=2 
4 
37. Graph: f(x) = log, (x + 1) 38. 








39. Solve for x: log, x — log, (x — 3) = log, 2 


40. 
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Solve: |2x + 5| < 3 


Graph: f(x)_-= 3=*= 2 








Write 2(log, a — log, b) as a single logarithm 
with a coefficient of 1. 


An average score of 70-79 in a history class receives a C grade. A student 


has grades of 64, 58, 82, and 77 on four history tests. Find the range of 
scores on the fifth test that will give the student a C grade for the course. 


41. 


A jogger and a cyclist set out at 8 A.M. from the same point headed in the 


same direction. The average speed of the cyclist is two and a half times the 
average speed of the jogger. In 2 h, the cyclist is 24 mi ahead of the jogger. 


How far did the cyclist ride in that time? 


700 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Final Exam 


You have a total of $12,000 invested in two simple interest accounts. On one 
account, a money market fund, the annual simple interest rate is 
8.5%. On the other account, a tax-free bond fund, the annual simple in- 
terest rate is 6.4%. The total annual interest earned by the two accounts 
is $936. How much do you have invested in each account? 


The length of a rectangle is 1 ft less than three times the width. The area 
of the rectangle is 140 ft?. Find the length and width of the rectangle. 


Three hundred shares of a utility stock earn a yearly dividend of $486. 
How many additional shares of the utility stock would give a total divi- 
dend income of $810? 


An account executive traveled 45 mi by car and then an additional 
1050 mi by plane. The rate of the plane was seven times the rate of the 
car. The total time for the trip was 32 h. Find the rate of the plane. 


An object is dropped from the top of a building. Find the distance the object 
has fallen when the speed reaches 75 ft/s. Use the equation v = V64d, 
where v is the speed of the object and d is the distance. Round to the 
nearest whole number. 


A small plane made a trip of 660 mi in 5 h. The plane traveled the first 
360 mi at a constant rate before increasing its speed by 30 mph. Then it 
traveled another 300 mi at the increased speed. Find the rate of the plane 
for the first 360 mi. 


The intensity (L) of a light source is inversely proportional to the square 


of the distance (d) from the source. If the intensity is 8 foot-candles at a dis- - 


tance of 20 ft, what is the intensity when the distance is 4 ft? 


A motorboat traveling with the current can go 30 mi in 2 h. Against the 
current, it takes 3 h to go the same distance. Find the rate of the motor- 
boat in calm water and the rate of the current. 


An investor deposits $4000 into an account that earns 9% annual interest 
compounded monthly. Use the compound interest formula P=A(1 + 1)", 
where A is the original value of the investment, 7 is the interest rate per com- 
pounding period, n is the total number of compounding periods, and 
P is the value of the investment after 7 periods, to find the value of the 
investment after 2 years. Round to the nearest cent. 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Objectives 


Section R.1 


A To evaluate a variable expression 
B. To simplify a variable expression 


Section R.2 


A 
B 


To solve a first-degree equation in one 
variable 


To solve an inequality in one variable 


Section R.3 


A 


B 
C 
D 


To graph points in a rectangular coordinate 
system 

To graph a linear equation in two variables 
To evaluate a function 

To find the equation of a line 


Section R.4 


mMmonw LP 


To multiply and divide monomials 
To add and subtract polynomials 
To multiply polynomials 

To divide polynomials 


To factor polynomials of the form 
axe DX +56 


Wie Need help? For on-line student resources, such as section 


quizzes, visit this textbook’s web site at 


Wes __college.hmco.com/students. 
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Variable Expressions 


@)))-..\ To evaluate a variable expression 


Whenever an expression contains more than one operation, the operations must 
be performed in a specified order, as listed below in the Order of Operations 
Agreement. 





The Order of Operations Agreement 


Step 1 Perform operations inside grouping symbols. Grouping symbols include parenthe- 
ses ( ), brackets [ ], braces {}, the absolute value symbol | |, and fraction bars. 


Step 2 Simplify exponential expressions. 


Step 3 Do multiplication and division as they occur from left to right. 
Step 4 Do addition and subtraction as they occur from left to right. 





POOH ETOH HOSES ESSE HESS SESE SHES THESES SESS H EE SSSSTSEH HEHE OSH OH EHO OES PTT er 


Example 1 You Try It 1 

Peatdstes -2(7 — 3) +4 — 2(5 — 2) Evaluate: (—4)(6 — 8)? — (—12 + 4) 
_ Solution Your solution — 

-2(7 — 3)? + 4 — 2(5 — 2) Ze) 


= —2(4)? + 4 — 2(3) © Perform operations 
inside parentheses. 
—2(16) + 4—2(3) © Simplify the exponential 


expression. 
= —32 + 4—- 2(3) © Do the multiplication 
aaa 2d = 6 and division from left 
to right. 
2S. © © Do the addition and 
= —28 + (—6) = —34 subtraction from left 
to right. 


Solution on p. S38 






apex . ; 
. A variable is a letter that represents a quantity that is unknown or that can 
change or vary. An expression that contains one or more variables is a variable 
expression. 3x — 4y + 7zisa variable expressions. It contains the variables x, y, 


and Z. 


Replacing a variable in a variable expression by a number and then simplifying 
the resulting numerical expression is called evaluating the variable expression. 
The number substituted for the variable is called the value of the variable. The 
result is called the value of the variable expression. 


*Review this objective for more detailed coverage of this topic. 
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: Example 2 : You Try It 2 ; 
Evaluate 5ab* + 2a?b* — 4 when a = 3 and Evaluate 3xy? — 3x*y when x = —2 and y = 5. 
b = -2. 
Solution Your solution 


Sab? + 2a*b? — 4 
5(3)(—2)° + 2(3)*(—2)? — 4 e Replace aby 3 and b 


by 2. 
= 5(3)(—8) + 2(9)(4) — 4 © Use the Order of 
= 120-72 —4 Operations Agree- he 
= —-48-4 ment to simplify 
= —48 + (-4) the numerical 
a2 expression. 


Solution on p. S38 





To simplify a variable expression 


The Properties of Real Numbers are used to simplify variable expressions. 


Simplify variable 

expressions using 
1.4B the Properties of 
1.4C Addition and 

Multiplication 


et 
th i 
ELC SOS O Pe eros esocereeeseeseesce ree ees sere seeesereeeereeereneneeseeeeeeeeenesseeS ESTO SOMO PCO mere rerserereresEesereeereseeeeSeSereresedeseseeeeeeeneensensececes 


q 
» Example 3 


Simplify: — : (= 37) 


: You Try It 3 
Simplify: —5(—3a) 


Solution Your solution 
1 

== (2 
3 y) 


if 
= Sap © Use the Associative Property 
of Multiplication to regroup 





factors. 
= ly ¢ Use the Inverse Property of 
Multiplication. 
=a ° Use the Multiplication Property 
of One. 
Solution on p. S38 
A variable expression is shown at the right. The 3x? — 4xy + 5z — 2 
expression can be rewritten by writing subtrac- Bx? + (—4xy) + 5z + (=2) 
tion as addition of the opposite. Note that the 
expression has four addends. The terms of a Pour tennis 
variable expression are the addends of the 3x? — Axy + 5z —2 





expression. The expression has four terms. 
Variable Constant 


: 9 ; terms term 
The terms 3x2, —4xy, and 5z are variable terms. 


The term —2 is a constant term, or simply a 
constant. 
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"4 


i Example 4 


Simplify: 4x? + 5x — 6x* — 7x 


Solution 


4x? + 5x — 6x? — 7x 
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Like terms of a variable expression are Like terms 
terms that have the same variable part. 
The terms 3x and —7x are like terms. Con- 
stant terms are also like terms. Thus —6 3x7 + 3x - 6 — Tx + 9 


and 9 are like terms. —— spi 


Like terms 


N 
/ 


By using the Commutative Property of Multiplication, we can rewrite the Dis- 
tributive Property as ba + ca = (b + c)a. This form of the Distributive Property 
is used to combine like terms of a variable expression by adding their coeffi- 
cients. For instance, 


bat ox = (79) © Use the Distributive Property: 
= her ba+ ca= (b+ eja. 
eee each niente dacenaraecccsecswincesstacsesensaeescessaelstionacess es Oe cyceuate cc osc ocehina stele ter atecksces sandaocoavenestedsauenssane seetemacss ses 
» You Try It 4 


Simplify: 2z? — 5z — 3z* + 6z 


Your solution 


= 4x? — 6x? + 5x — 7x © Use the Associative 
(4x? — 6x7) + (5x — 7x) and Commutative 


II 


—2x? + (—2x) 
—2x? — 2x 


Simplify variable 
expressions using 


1.4D the Distributive 


Property 


Properties of Addi- 
tion to rearrange and 
group like terms. 

© Use the Distributive 
Property to combine 
like terms. 


Solution on p. S38 


The Distributive Property also is used to remove parentheses from a variable 
expression. Here is an example. 


A(2x + 5z) = 4(2x) + 4(5z) e Use the Distributive Property: 
a(b + c) = ab + ac. 
= (Ase 2 ar (4 Dz ¢ Use the Associative Property of Multiplication 
to regroup factors. 
= 8x + 20z e Multiply 4-2 and 4-5. 


The Distributive Property can be extended to expressions containing more than 
two terms. For instance, 


A(2x + 3y + 5z) = 4(2x) + 4(3y) + 4(5z) 
=e 1 2y 4 20z 
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SOS CSS SoH EH OHO SESH EEE EE EE EEDESEEEOOS 


acc cc ccc cncccccccccescesescereesecesccesccs [pe ere cmc e ces ee eee e recor cess eee eee ESE EHO ESOS E OSES SHOE EEE OEEE ESET DSS ESOS SOS 


‘Example 5 You Try It 5 
Simplify. a. —3(2x + 4) b. 6(3x — 4y + z) Simplify;a.. —3(6y= 02) be —2G48 4 2y- 62) 
Solution Your solution 


a. —3(2x + 4) = —3(2x) + (—3)(4) 
= —64— 12 


b. 6(3x — 4y + z) 


= 6(3x) — 6(4y) + 6(z) 


= 18x — 24y + 6z 


| TAKE NOTE 


| Recall that the 
_ Distributive Property 


Solution on p. S38 


To simplify the expression 5 + 3(4x — 2), use the Distributive Property to remove 
the parentheses. 


_ states that if a,b, andc 5 + 3(4x — 2) =5 + 3(4x) — 3(2) * Use the Distributive Property. 
_ are real numbers, then 
| =5+ 12x —6 
a(é + c)=ab+ac 
eM | © Add the like terms 5 and —6. 
Bene receracbonevs «in ran resins Rvsuidens saacteceoweiee cia te ee Bh ......sacee MO ROE, |, 0 ee 
k Example 6 You Try It 6 
Simplify. Simplify. 
a. 3(2x — 4) — 5(3x + 2) a. 7(—3x — 4y) — 3(3x + y) 
b. 3a — 2[7a — 2(2a + 1)] b.2y = 315 3 22) 
Solution Your solution 


a. 3(2x — 4) — 5(3x + 2) 
= 6x — 12 — 15x — 10 


= —9x% — 22 


b. 3a — 2[7a — 2(2a + 1)] 
= 3a —2|\fa— 4a = 2 | 


= 3a — 2[3a — 2] 
= 3a-6a+4 
== 3a 44 


Solution on p. S38 
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R.1 Exercises 


Objective A 

















Evaluate the variable expression when a = 2, b = 3, andc = —4. 
Tea = 2c. 2. —3a+ 4b 3. 3b —- 3c 
4. —3c+4 SVE 16 (2c) 6. 6b = (ea) 
7. 3b-(at+cy 8. (a—b)* + 2c 9. (b — 3a)? + be 
Evaluate the variable expression when a = —1, b = 3,c = —2, andd = 4. 
~ - + 
‘rig, eae fine [oe 
d a —a 
b-d 
13. 145 (be) 24 15. 3(b-—a)-—bce 
c-a 
—4bc abc 2 2 
3 Veo == 18. (d-—a) —(b-c) 
ae 2a+ec b-d ( ) 
19. (-b+d?+(-atc/y 20. 4ab + (2c) 21. 3ced — (4a) 
Evaluate the variable expression when a = 2.7, b = -1.6, and c = —0.8. 
b3 
22. c?—ab 23. (a+by—-c 24. ak 4a 


Objective B 
Simplify each of the following. 


25. x«+7x 26. 12y + 9y 27. 8b —5b 


28. 4y— lly 29ne 42a iei/a 30. —15xy + 7xy 
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31. 


34. 


37. 


40. 


43. 


46. 


49. 


52: 


55: 


58. 


61. 
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Wee ae aye a> Pdse 


34 — 1y —.0x% + 4x. 
12y? + 10y? 


Dees 
4) Ge 


(6a)(—4) 
Bi 
Sie 
Go(35] 
(4 — 3b)9 
—5(2y? — 1) 


5a — (4a + 6) 


=dl2n 4+ 3(5'=x)] 


52. 


35; 


38. 


41. 


44. 


47. 


50. 


53. 


56. 


59. 


62. 


—5x? — 10x? + x? 


SY) a= (al = 2761 


22? — 92? 


—4(5x) 


—5(7x7) 


1 
32 1x) 


—(z + 4) 


(—2x — 6)8 
A(x? — 3x + 5) 
Te 0) 


32a (aa 


33. 


36. 


39.’ 


42. 


45. 


48. 


51. 


54. 


Swe 


60. 


63. 


6x = yh oy 


Mo = yeh ie SO 


Te eee 


=—2(—8y) 


1 
4 4x) 


5 
== 8 (24a’) 


dah) 


3(5x? + 2x) 


6(3x* — 2xy — 2) 


y= sae 


—Sa — 2[2a — 4(a + 7)] 
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Equations and Inequalities 


Objective A To solve a first-degree equation in one variable 


An equation expresses the equality of two mathematical expressions. Each of 
the equations below is a first-degree equation in one variable. First degree 
means that the variable has an exponent of 1. 





x+11= 14 
Bye ae 5) Sea 
2(6y — 1) =3 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 


3 is a solution of the equation x + 4 = 7 because 3 + 4 = 7. 
9 is not a solution of the equation x + 4 = 7 because 9 + 4 # 7. 


To solve an equation means to find a solution of the equation. In solving an 
equation, the goal is to rewrite the given equation with the variable alone on one 
side of the equation and a constant term on the other side of the equation; the 
constant term is the solution of the equation. The following properties of equa- 
tions are used to rewrite equations in this form. 


Properties of Equations 


Addition Property of Equations 

The same number can be added to each side of an equation without changing the solution 
of the equation. In symbols, the equation a = b has the same solution as the equation 

a+ c= b+ c. 


Multiplication Property of Equations 

Each side of an equation can be multiplied by the same nonzero number without changing 
the solution of the equation. In symbols, if c # 0, then the equation a = bhas the same 
solutions as the equation ac = be. 





——— ny 
| TAK E NOT 
i Subtraction is defined as _ 
i addition of the opposite. | 
| | 


The Addition Property of Equations is used to remove a term from one side of 
the equation by adding the opposite of that term to each side of the equation. 
Because subtraction is defined in terms of addition, the Addition Property of 
Equations also makes it possible to subtract the same number from each side of 
an equation without changing the solution of the equation. 





a-b=a+(-6b) 


2 . 
BcanencmnensetsessesoechiensciCiSSSc SOS SSSA ELE ESTES A 


H 
i 
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| TAKE NOTE | 
Division is defined as i 
_ multiplication by the 
_ reciprocal. 
al 
a b= a 7 


b 


Ree 20 ERIC OAT IAS TOS RENOYP OE NCE OT TERSOTIE S OLN RCE 





esauataates coonstnssranmenscaamenntats ete 


: 
: 


| TAKE NO TE 
When using the. 

‘Multiplication Property 

__ of Equations, multiply — 

| each side of the equation — 

_ by the reciprocal of the : 

_ coefficient when the — 

| coefficient is a fraction. 

| Divide each side of the — 

| equation by the | 

| coefficient when the 

| coefficient is an integer 

| ordecimal, = 


4 = val wv - a 
; bas ay. E 
SESS eS NERS A CERNE 


ccereuineeeonemeeansmececnensacenesseel 









vb ote scrcceaaceemtesmeronens 


ss 


EAN CASRN NRO ENNIO 


he, 





= 
ve 


For example, to solve the equation t + 9 = —4, subtract the constant term (9) 
from each side of the equation. 


t+9=-4 
t+9-9=-4-9 
t= -13 


Now the variable is alone on one side of the equation and a constant term (—13) 
is on the other side. The solution is the constant. The solution is —13. 


The Multiplication Property of Equations is used to remove a coefficient by mul- 
tiplying each side of the equation by the reciprocal of the coefficient. Because 
division is defined in terms of multiplication, each side of an equation can 
be divided by the same nonzero number without changing the solution of 
the equation. 


For example, to solve the equation —5g = 120, divide each side of the equation 
by the coefficient —5. 


—5q = 120 
= 3g) 120 
=5  =5 

g = —24 


Now the variable is alone on one side of the equation and a constant (—24) is on 
the other side. The solution is the constant. The solution is —24. 


In solving more complicated first-degree equations in one variable, use the fol- 


_ lowing sequence of steps. 





Steps for Solving a First-Degree Equation in One Variable 


1. Use the Distributive Property to remove parentheses. 


2. Combine any like terms on the right side of the equation and any like terms on the left 
side of the equation. 


3. Use the Addition Property to rewrite the equation with only one variable term. 
4. Use the Addition Property to rewrite the equation with only one constant term. 


5. Use the Multiplication Property to rewrite the equation with the variable alone on one 
side of the equation and a constant on the other side of the equation. 








If one of these steps is not needed to solve a given equation, proceed to the next 
step. 
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Oeesesescesccos 
POPES OCHO ETT O SOSH HE EE ESEEEHESSTE USES EE SSE SEES ESSE SESESESSEEEES FETHESESEESTSESTEEEEEESSTSESOSEESSSESEH ESSE OE SESHHSESESSSSEH ES SHSESSEOEEEESEOES 


Example 1 a5 You Try It 1 

Solve. Solve. 

Roe a = 25. 2x a. 4x+3=7x+9 

De ox — 3(44 —5) = —2x + 6 b. 4 — (5x — 8) = 4x + 3 
Solution «| } Your solution 

a. Sx G23 = 2x 


Ate 2K + 9. = 23-24 + 2x! © Steps 


7x +9 = 23 
IZ 9=9=23-9 e Step 4 
7x = 14 
7x 14 
aes e Step 5 
x=2 
The solution is 2. 
ero Axe — 5) = —2x + 6 
Seale 1S = —24 7 6 e Step 1 
Axed 52+ 6 e Step 2 
—4x+2x+15=-—-2x+2x+6 © Step3 
—2% +15=6 
=2e 415=—15=6- 15 e Step 4 
=2% = —9 
SRI 9 
=p 25) © Step 5 
cones 
ssi? 


are 9 
The solution is a 


Solution on p. S38 


To solve an inequality in one variable 





_ Objective B- 


An inequality contains the symbol >, <, =, or =. An inequality expresses the 


. 


relative order of two mathematical expressions. Here are some examples of 
inequalities in one variable. ; 


4x = 12 
Deg Tee) Inequalities in one variable 


x? +1> 3x 
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A solution of an inequality in one variable is a number that, when substituted 
for the variable, results in a true inequality. For the inequality x < 4 shown 
below, 3, 0, and —5 are solutions of the inequality because replacing the variable 
by these numbers results in a true inequality. 





x= 4 58 x<4 
3<4 True 0<4 True — = 4a true 


The number 7 is not a solution of the inequality x < 4 because 7 < 4 is a false 
inequality. 


Besides the numbers 3, 0, and —5, there are an infinite number of other solutions 
of the inequality x < 4. Any number less than 4 is a solution; for instance, =a. 


>, a, and 1 are also solutions of the inequality. The set of all the solutions of an 


inequality is called the solution set of the inequality. The solution set of the 
inequality x < 4 is written in set-builder notation as {x|x < 4}. This is read, “the 
set of all x such that x is less than 4.” 


The graph of the solution set of 
x <4 is shown at the right. “04 a3 ly Onl Bg ee 


In solving an inequality, the goal is to rewrite the given inequality in the form 
variable < constant or variable > constant 


The Addition Property of Inequalities is used to rewrite an inequality in this form. 


oie ae perma 
| TAKE NOTE ‘ "a The Addition Property of Inequalities 
_ The Addition Property of : E ve 
| “Inequalities s aes rat If a> band cis a real number, then the inequalities a> band a+ c> b+ chave the 
_ the same number can be same solution set. 

added tc eacl side of an | 
inequality without = 
Sheri ae 


If a< band cis a real number, then the inequalities a< banda+c<b+ chavethe 
changing the solution same solution set. 






The Addition Property of Inequalities is also true for the symbols <= and =. 


The Addition Property of Inequalities is used to remove a term from one side of 
an inequality by adding the additive inverse of that term to each side of the 
inequality. Because subtraction is defined in terms of addition, the same number 
can be subtracted from each side of an inequality without changing the solution 
set of the inequality. 


As shown in the example below, the Addition Property of Inequalities applies to 
variable terms as well as to constants. 


=> Solve 4x — 5 < 3x — 2. Write the solution set in set-builder notation. 


4x —5 = 3x — 2 


4g = 36 5 = 3x oe * Subtract 3x from each side‘of the inequality. 
ee aE AP © Simplify. 
A= 5 4+39= —2 45 © Add 5 to each side of the inequality. 
soso) © Simplify. 


The solution set is re=sh 
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When multiplying or dividing an inequality by a number, the inequality symbol 
may be reversed, depending on whether the number is positive or negative. Look 
at the following two examples. 


oye s) e Multiply by positive 2. The Seas e Multiply by negative 2. 
2Gy= 25) inequality symbol remains —2(3) > —2(5) The inequality symbol 
the same. is reversed in order to 

6= 10 © 6 < 10is a true statement. =6 >=3=10 make the inequality a 


true statement. 


This is summarized in the Multiplication Property of Inequalities. 


The Multiplication Property of Inequalities 


Rule 1 
lf a> band c>0,then ac > be. 
If a< band c>0, then ac < be. 
Rule 2 


lf a> band c <0, then ac < be. 
lf a< band c <0, then ac > be. 





Rule 1 states that when each side of an inequality is multiplied by a positive 
number, the inequality symbol remains the same. Rule 2 states that when each 
side of an inequality is multiplied by a negative number, the inequality symbol 
must be reversed. 


Here are a few more examples of this property. 


Rule 1 Rule 2 

—-4<-2 5 3 RES WS —2 > 6 
=A =2(2)) 5(3) == 3B) 32) = 52) 23) a Oa) 

—8< —4 15-9 =6 >i-10 o= 15 


Use the Multiplication Property of Inequalities to remove a coefficient other than 
1 from one side of an inequality so that the inequality can be rewritten with the 
variable alone on one side of the inequality and a constant term on the other 
side. The Multiplication Property of Inequalities is also true for the symbols = 
and =. 


Because division is defined in terms of multiplication, when each side of an 
inequality is divided by a positive number, the inequality symbol remains the 
same. When each side of an inequality is divided by a negative number, the 
inequality symbol must be reversed. 


=> Solve —3x < 9. Write the solution set in set-builder notation. 


= he 
ee EX © Divide each side of the inequality by the coefficient 
=a — —3 and reverse the inequality symbol. 
eS © Simplify. 
ila 3) © Write the answer in set-builder notation. 


714 Chapter R / Review of Introductory Algebra Topics 


osee 
COO ee oo eo ese EEE EEE HOSE THEO EE EEELOS 
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Example 2 You Try It 2 ; ; ; 
Solve x + 3 > 4x + 6. Write the solution set in Solve 3x — 1 < 5x — 7. Write the solution set in 
set-builder notation. set-builder notation. 

Solution Your solution 


x+3>4x+6 
x-4x+3>4*-444+6 


=3x7e- 36 
So Oa = O— 3 
—3x>3 ines 
OG | 
a Ce ——— 
oe 
fe Si) 
{x|x < -1} 
Solution on p. S38 
When an inequality contains parentheses, often the first step in solving the 
inequality is to use the Distributive Property to remove the parentheses. 
Example 3 © You Try It 3 
Solve —2(x — 7) > 3 — 4(2x — 3). Write the Solve 3 — 2(3x + 1) <7 — 2x. Write the 
solution set in set-builder notation. solution set in set-builder notation. 
Solution Your solution 


ae 2) > 3° 40x = 3) 

Sveti lay .3 — 8x +12 

—2x + 14> 15 — & 
pote Ove Lait 5 Sy 4 ey 


(ye se (M4 Ss 1S 
647 14-— 14> 15 — {4 
(ye = || 
6x 1 
—_>— 
6 6 
ee 
6 
>| | 
BEN Se Se == 
6 





Solution on p. S38 
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R.2 Exercises 





1. 


10. 


13. 


16. 


19: 


22. 


Ze 


28. 


Objective A 
Solve. 


ee ete= =) 


b— 11=11 


Se 3 = Ox — 7 


5x 7 = 8x + 5 


2 eh) ere = 23 


5G — 2y)=3 — 4y 


2 = 5 — (9 = 62) 


A(3y + 1) = 2(y — 8) 


Objective B 


11. 


14. 


17; 


20. 


23: 


26. 


29. 
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9+b=21 
—48 = 6z 
5 

= = —] 
5 0 


4—2b=2-4b 


3m+5=2-6m 


Pe OV a HL. 


9n — 15 = 3(2n — 1) 


o= T= 4(1 — 3x) 


4a + 3—= 7i- 6 — 8a) 


2(3b — 5) = 4(6b — 2) 


Solve. Write the answer in set-builder notation. 


af: 


£—5>*+2 


32. 


bt we 4 


12. 


15. 


18. 


21. 


24. 


Zi 


30. 


33. 


— y= 8 
—9a = —108 
x 
——= —2 
4 


4y —-10 =6+ 2y 


6a — 1=2 > 2a 


Ab = 15'= 3 — 20 


7a — (3a — 4) = 12 


2(3b +5) -1=10b+1 


5(6 — 2x) = 2(5 — 3x) 


8G 4) = "Cx 7) 


—2+n=20 
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34. 


37. 


40. 


43. 


46. 


49. 


Si: 


53. 


55; 


57. 


59. 
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OL 


3n > 0 


Se DEB 


She == i) SS ye se 


6x + 3 > 46-1 


4x —-2>3x+1 


9x +2>=>3x4+ 14 


=) = 2S =18 


4(2x — 1) > 3x — 2(3x — 5) 


3(4x + 3) =7 — 4(x — 2) 


3= 44-2) = 6 40% + 1) 


35. 


38. 


41. 


44. 


47. 


8x = —24 


—2n=—8 


Aes c al) 


6x +4=8+ 5x 


55-40 at 


50. 


52; 


54. 


56. 


58. 


60. 


36. 


39, 


42. 


45. 


48. 


7x+559+ 6x 


8x + 1 > 6x -— 3 


Die eee — lal 


—474 <8 


Py = {| Se7/ 


7—-2x21 


8x + 1 =2x4+ 13 


A= 2 er 


2 5G facets 


34 2 4 5) x 4 SG yee 


12 —2(3x — 2) = 5x — 2(5 =x) 
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Linear Equations in 
Two Variables 


Objective A To graph points in a rectangular coordinate system 


A rectangular coordinate system is formed by two ‘i 
number lines, one horizontal and one vertical. The Ouadene ll 
point of intersection is called the origin. The two axes Bagh? 
are called the coordinate axes or simply the axes. 
Generally, the horizontal axis is labeled the x-axis, 
and the vertical axis is labeled the y-axis. 






“horizontal!” vertical™: 
Y | ams | | ams || 











. JOVigin 





Each point in the plane can be identified by a pair of numbers called an ordered 
pair. The first number of the ordered pair measures a horizontal change from 
the y-axis and is called the abscissa or x-coordinate. The second number of the 
pair measures a vertical change from the x-axis and is called the ordinate or 
y-coordinate. The ordered pair (x, y) associated with a point is also called the 
coordinates of the point. 


Horizontal change seal (oP Vertical change 


Ordered pair ——> (4, 3) 





x-coordinate J [ y-coordinate 


To graph, or plot, a point means to place a dot at the coordinates of the point. 
For example, to graph the ordered pair (4, 3), start at the origin. Move 4 units to 
the right and then 3 units up. Draw a dot. To graph (—3, —4), start at the origin. 
Move 3 units to the left and then 4 units down. Draw a dot. 





718 Chapter R / Review of Introductory Algebra Topics 


fe 
i eee eceeee wevcecocscee Ce eeeenseescosccces 
i OOOO 
COOP M Oreo He Eee er ess eroDe ese EHETE HEEL OHO OS ODES EOE EO TEED HOHE OEOOSESLOES| HOB TSO E EO Oe eee ee eee 
eovccsescos Ni 


a Example 1 " You Try It 1 
Graph the ordered pairs (—4, 2), (3, 4), (0, -1), Graph the ordered pairs (—2, 4), (4, 0), (0, 3), 
(2, 0), and (—1, —3). (—3, —4), and (5, —1). 
Solution Your solution 


a 





Solution on p. S39 





To graph a linear equation in two variables 


The equations below are examples of equations in two variables. 
NES bh i! 
2 7 
Vi kor 


Solutions of A solution of an equation in two variables is an ordered pair (x, y) whose coor- 


4.1B ae in two dinates make the equation a true statement. 


=» Is the ordered pair (—4, 9) a solution of the equation y = —2x + 1? 


Vien ok snl 
ad Id Gel 9 a ¢ Replace x by —4 and y by 9. 
GAS | © Simplify the right side. 
9=9 ¢ Compare the results. If the resulting equation 
is true, the ordered pair is a solution of the 
equation. If it is not true, the ordered pair is 
not a solution of the equation. 
Yes, the ordered pair (—4, 9) is a solution of the equation y = —2x + 1. 


Besides (—4, 9), there are many other ordered pairs that are solutions of the 


equation y = —2x + 1. For example, (0, 1), (3, —5), and (-3, 4) are also solutions. 


In general, an equation in two variables has an infinite number of solutions. By 


choosing any value of x and substituting that value into the equation, we can 
calculate a corresponding value of We 
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»» Find the ordered-pair solution of y = 2x — 4 that corresponds to x = 5. 


2 
=—=x-4 
ae 5 
y= 5 (5)-4 © We are given that x = 5. Replace x by 5 in the equation. 
y=2-4 © Simplify the right side. 
y=-2 © When x = 5, y= —2. 


The ordered-pair solution of y = 2x — 4p which «= is ©, =-2): 


_ Graph anequation Solutions of an equation in two variables can be graphed in the rectangular coor- 
Rt dinate system. 





aie 


=» Graph the ordered-pair solutions of y = —2x + 1 for x = —2, —1, 0, 1, and 2. 





ye Gay) ° Use the given values of x to 
se OCs) determine ordered-pair 
eG), solutions of the equation. It 
1 (041). is convenient to record 
edo eet) these in a table. 
130,63) 
The ordered-pair solutions of y= —2x + 1 for 


a= —). —1, 0) 1; and are] 2,3) (13) 0), 
(ip=1)wand? (2/443) aT hesevare graphed at the 





right. 
te ae The graph of an equation in two variables is a graph of the ordered-pair solu- 
Ais ees tions of the equation. Consider the equation y = —2x + 1 above. The ordered- 


pair solutions (—2, 5), (~1, 3), (0, 1), (1, -1), and (2, —3) are graphed in the 
figure above. We can choose values of x that are not integers to produce more 


1 : 
ordered pairs to graph, such as eg -4) and (-5, 2). Choosing still other values 


of x would result in more and more ordered pairs being graphed. The result 
would be so many dots that the graph would appear as a straight line, as shown 
at the left. This is the graph of y = —2x + 1. 


720 
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(isa term with av rariable 





| 9 = peg is nota line 


The equation y = —2x + 1 is an example of a linear equation because its graph 
is a straight line. It is also called a first-degree equation in two variables because 
the exponent on each variable is 1. 


Linear Equation in Two Variables 


An equation of the form y = mx + b, where mis the coefficient of x and bis a constant, is 


a linear equation in two variables. The graph of a linear equation in two variables is a 
straight line. 


\ ‘i 





Examples of linear equations are shown at y=5x+3 (m = 5, b = 3) 
the right. y=x-—4 (w=1b=——4) 
3 
y=-is (m= -3,6=0) 


To graph a linear equation, find ordered-pair solutions of the equation. Do this 
by choosing any value of x and finding the corresponding value of y. Repeat this 
procedure, choosing different values for x, until you have found the number of 
solutions desired. Because the graph of a linear equation in two variables is a 
straight line, and a straight line is determined by two points, it is necessary to 
find only two solutions. However, it is recommended that at least three points be 
used to ensure accuracy. 


= Graph: y = 2x — 3 


© Choose any values of x. Then 
find the corresponding values 
of y. The numbers 0, 2, and —1 
were chosen arbitrarily for x. 


® Graph the ordered-pair 
solutions (0, —3), (2, 1), and 
(—1, —5). Draw a straight line 
through the points. 











Remember that a graph is a drawing of the ordered-pair solutions of the equa- 


tion. Therefore, every point on the graph is a solution of the equation, and every 
solution of the equation is a point on the graph. 


When graphing an equation of the form y=mx+b,ifmisa fraction, choose 


values of x that will simplify the evaluation. This is illustrated in Example 2. Note 
that the values of x chosen are multiples of the denominator, 2. 
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| OOPS ecosesesveseesenseoeseesen SOO eM eto sa soreseeasovesensone COCO Coe oaeesisieeceese 
eeeeeceeseees 
Pee UC CCE Pee CeCe reer rrerrrerer rrr errr rr er err rrerrrr errr er errr rere rere ay 


Graph y = — 3x mek 


Graph an equation 
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» You Try It 2 


Graph y = ax — 4, 


Your solution 





Solution on p. S39 


An equation of the form Ax + By = C is also a linear equation in two variables. 
Examples of these equations are shown below. 


3x + 4y = 12 (A=3, B= 4°C= 12) 
x —5y = —10 C= 1B = 5 C= 10) 
2x -y=0 (A= 2 = 1 70) 


One method of graphing an equation of the form Ax + By = C involves first solv- 
ing the equation for y and then following the same procedure used for graphing 
an equation of the form y = mx + b. To solve the equation for y means to rewrite 
the equation so that y is alone on one side of the equation and the term contain- 
ing x and the constant are on the other side of the equation. The Addition and 
Multiplication Properties of Equations are used to rewrite an equation of the 
form Ax + By = C in the form y = mx + b. 


=> Graph 3x + 2y = 6. 


3x + 2y = 6 © The equation is in the form Ax + By = C. 
2y = —3x + 6 © Solve the equation for y. Subtract 3x from 
each side of the equation. 
3 
ee a) © Divide each side of the equation by 2. Note 
2 that each term on the right side is divided 
by 2. 
Weimer ah e Find at least three solutions. 
Oo. 2 
a an 
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e Graph the ordered pairs (0, 3), (2, 0), 
and (4, —3). Draw a straight line 
through the points. 





\ _ 


Po aceesecaccctedvccpukecnhsuaeteleciceumioadéaiaen au eaeaanas denn edema narene tine 
[Ree cccccccccencccccccecceccecesccccsccceccccccccecccccecceleseecceeeeeceeesoecscs Pee O eee eee reer e ners eee Oseeee eres ese eee eseeesseeseeeees 


Example 3 = You Try It 3 


es 





Graph 2x + 3y = 9. Graph —3x + 2y = 4. 
Solution Your solution 
2x + 3y =9 y 
Sy = —24 + 9 , 
= sae ae 3h 
EET 
: 5s 
On see3: 
3 ] 





Solution on p. S39 





The slope of a line is a measure of the slant of the line. The symbol for slope 
is m. 


For an equation of the form y = mx + b, m is the slope. Here are a few examples: 


The slope of the line y = —2x + 5 is am. 
The slope of the line y = 8x is 8. 
3 


The slope of the line y = ox = 1Fis 1 


The slope of a line containing two points is the ratio of the change in the y 


values between the two points to the change in the x values. 


Slope Formula : 


enencnsossenens 


The slope of the line containing the two points P(x, y,) and P,(x,, Y,) is given by 


|TAKE NOTE | 
stops 297 pee an a 
change in x : 


CSS SESSION nash 
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bocca i ips ie aaa 
Find the slope of the line containing the points Find the slope of the line containing the points 
(=4, —3)and({—1, 1). (—2, 3) and (1, —3). 
Solution Your solution 


Keutany,) (4,73) and (x, y,) = 1, LD). 


in phones ee ere ca 
oy al ed lace) Maes, 


The slope is . 


Solution on p. S39 


One important characteristic of the graph of a linear equation is its intercepts. An 
x-intercept is a point at which the graph crosses the x-axis. A y-intercept isa 
point at which the graph crosses the y-axis. 





The graph of the equation y = ox — 2 is shown at the eee eee 











right. The x-intercept of the graph is (4, 0). The 
y-intercept of the graph is (0, —2). 





7 Vsuintercept 
Sica De 





Note that at an x-intercept, the y-coordinate is 0. Ata 
y-intercept, the x-coordinate is 0. 


We can find the y-intercept of a linear equation by letting x = 0. 


=» Find the y-intercept of the graph of the equation y = 3x + 4, 


y=3x+4 

y =3(0) + 4 © To find the y-intercept, let x = 0. 
y=0+4 

y=4 


The y-intercept is (0, 4). 


Note that the constant term of y = mx +,b, the y-intercept is (0, b). 
In general, for any equation of the form y = mx + b, the y-intercept is (0, b). 


Because the slope and the y-intercept can be determined directly from the equa- 
tion y = mx + b, this equation is called the slope-intercept form of a straight line. 
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Slope-Intercept Form of a Straight Line 


The equation y = mx + bis called the slope-intercept form of a straight line. The slope of 
the line is m, the coefficient of x. The y-intercept is (0, O). 





The following equations are written in slope-intercept form. 
y= —44 + 3 Slope = ~—4, y-intercept = (0, 3) 
2 has) | 
See 1 Slope = 5° y-intercept = (0, —1) 
y=-x Slope = —1, y-intercept = (0, 0) 


When an equation is in slope-intercept form, it is possible to quickly draw a 
graph of the function. 


=» Graph x + 2y = 4 by using the slope and y-intercept. 


Solve the equation for y. 


x+2y=4 
9D Ser nie 

1 
Se eh act PP 


2 


From the equation y = —$x + 2, the slope is -+ and the y-intercept is (0, 2). 


en 
_ 


: 1 
Rewrite the slope — 5 as 


SSSR 


Beginning at the y-intercept, move right 
2 units (change in x) and then down 1 unit 
change in y (change in y). 

change in x" | 


For the example at the 


| TAKE NOTE 
Recall that 


! slope = m = 


The point whose coordinates are Qe1y isa 


ie =1 i 
fright,m =—— == = | second point on the graph. Draw a straight 
| calico erefore, the | line through the points (0, 2) and (2, 1). 

' change in x i 


_ change in y is —1 and 
the change in x is 2. 





pes fe Hs soe eee 
Graph y = —3x + 4 by using the slope and the Graph y = ~$x + 2 by using th 


e slope and the 
y-intercept. 


y-intercept. 
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Solution — Your solution 


yy 


From the equation, the slope is 5 and the 
y-intercept is (0, 4). 


Rewrite the slope -5 as =. 


Place a dot at the y-intercept. 


Starting at the y-intercept, move right 2 units 
(the change in x) and down 3 units (the change 
in y). Place a dot at that location. 





Draw a line through the two points. 





Solution on p. S39 


Objective C To evaluate a function 


A relation is a set of ordered pairs. A function is a relation in which no two 
ordered pairs have the same first coordinate and different second coordinates. 





The relation {(0, 4), (1, 5), (1, 6), (2, 7)} is not a function, because the ordered 
pairs (1, 5), and (1, 6) have the same first coordinate and different second 
coordinates. 


The relation {(0, 4), (1, 5), (2, 6), (3, 7)} is a function. 
The phrase “y is a function of x,” or a similar phrase with different variables, is 


used to describe those equations in two variables that define functions. To 
emphasize that the equation represents a function, functional notation is used. 


——_______—— ample, the square function is written in functional notation as follows: 
[TAKE NOTE For examp vl 

: The symbol f(x) isread =x? 

| “the value of f at x” or has 

shot.” 

L 


The process of determining f(x) for a given value of x is called evaluating 
the function. For instance, to evaluate f(x) = x? when x = 3, replace x by 3 and 


simplify. 


f(x) = x? 
f(3) = 3? =9 


The value of the function is 9 when x = 3. An ordered pair of the function 
Sn RE 
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eceseeee 
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Example 6 

Evaluate f(x) = 2x — 4 when x = 3. Use your 
answer to write an ordered pair of the 
function. 


Solution 

f@) = 2x —4 
{(3)=2(3) -— 4 
f(3)=6-4 
f(3) =2 


An ordered pair of the function is (3, 2). 


You Try It 6 

Evaluate the function f(x) = 4 — 2x at x = —3. 
Use your answer to write an ordered pair of 
the function. 


Your solution 


Solution on p. S39 


To find the equation of a line 


Find the equation of When the slope of a line and a point on the line are known, the equation of the 
line can be determined by using the point-slope formula. 


4.5A aline given a point 
and the slope 


Point-Slope Formula 


Let m be the slope of a line, and let (x,, y,) be the coordinates of a point on the line. The 


equation of the line can be found using the point-slope formula: 





COCOONS TEL OCH CES TOA CERES C CCDS Croce OEE eS COC OS Des taberTaeseeesoebedeesédcs bes 


‘Example 7 


Find the equation of the line that contains the 
point (1, —3) and has slope —2. 


Solution 
sf eh Bitar 6) 
y — (33) = =2(x — 1) 
y+3=-2x+2 
Visa le = fh 


The equation of the line is y = —2x — 1, 


CBP ere ee eroceesoaraeseesecccecseseeccesceesesecee 


“You Try It 7 


y—y, = mx — x,) 


Find the equation of the line that contains the 


point (—2, 2) and has slope ~3. 


Your solution 


Solution on p. S39 


Pe eeoaeoeerecvoeseoecceoesesceos 
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R.3 Exercises 


Objective A 


Graph the ordered pairs. 


1. (2, 3), (4, 0), (-4, 1), (-2, -2) 
aa ; se 0 





Bel 24 9), (3,4), (0, 0), (—3, —2) 
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2: 


(OR ia a (2 O) ls eas) 
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5 
10. Vez se 














cS Sere eee 











2x + 5y = 10 
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Find the slope of the line containing the given points. 


229 P42), P23) 4) | 2308P(2 1), P,3, 4) 24, P1413), Px, 4) 
25M 244), P, (22) 26. P,(2, 4), P,(4, -1) oh IX (dl, 2) Gy a 
Derr 4), P63; 5) 298 1.2)0P,(—1 3) 30. -P,4, —2)) 2,3, -2) 
SIME 1) aPC 2h 1) g20eP (OP a2, 0.2) Lh PG ONE 


Give the slope and the y-intercept of the graph of the equation. 


5 
342 y= —3x+7 35. yess 4 36. y=x 


Graph by using the slope and the y-intercept. 


2 
ST. ya5xt2 38. eee 39, VS >eX 

















4 |=2 ae mey © ewe) Hl maa” 
 Seneae ye 
Z 
3 a Retr oe 
40. Dae 41. 42. oa 1 
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Objective C 









Evaluate the function for the given value of the variable. Use your answer to 
write an ordered pair of the function. 


Objective D 





Find the equation of the line that contains the given point and has the given 
slope. 


55. Point (—1, 2);m = —3 56. Point, — 3) m—3 Bi: 


DS. Pointe 3) 5) m= 3 59. Point 6) 3) m= oe 60. 


S 


: 2 
61. Point (—3, —2):m = = 62. Point (4, —2); m == 63. 


43. x-3y=3 44. 3x +2y=8 45. 


46. f(x) =2x+7;x =-2 47. g(x) =—3x+1,x=—4 48. 


49. p(x) =6- 8x:x=-1 50. (@)=5 744 =0 51. 


52. p(n) =n* — 4n —7:n = -3 53. h(x) = —3x* +x —-—1;x* = -2 54. 


4x +y=2 





hx) = 4a = 222% 3 
f=? St 372 


2) = 4F 2S 1 


Point (4, —5); m = —2 


Point (371 7 : 


Point (2, 3); m = -5 
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Polynomials 


Objective A To multiply and divide monomials 


na 


5a A monomial is a number, a variable, or a product of a number and variables. The 
Er following rules and definitions are used to multiply and divide monomials and 
to write monomials in simplest form. 


Rule for Multiplying Exponential Expressions 


If mand nare integers, then x”> x" = x”*", 


Rule for Simplifying Powers of Exponential Expressions 


If mand nare integers, then (x”)" = x”. 


Rule for Simplifying Powers of Products 


If m, n, and pare integers, then (x”y")? = x™y". 


Rule for Dividing Exponential Expressions 
m 


‘ x 
If mand n are integers and x # 0, then aria Kee 


Rule for Simplifying Powers of Quotients 


HNO Nee 
If m,n, and pare integers and y # 0, then (= = ris 


Definition of Zero as an Exponent 


If x # 0, then x° = 1. The expression 0° is undefined. 


Definition of Negative Exponents 


i. 1 
If nis a positive integer and x # 0, then x ° = ra and er bat 





«» Simplify: (3x*)?(4x°) 
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(3x*)?(4x3) = (31 °%x*" 2\(4x°) ¢ Use the Rule for Simplifying Powers 
= (32x 8)(4x?) of Products to simplify (3x*)?. 
= (9x8)(4x°) 
= (9-4)(x® - x?) e Use the Rule for Multiplying Expo- 
e360. * nential Expressions. 
= 36x 11 
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An exponential expression is in simplest form when there are no negative expo- 
nents in the expression. For example, the expression y ’ is not in simplest form; 
use the Definition of Negative Exponents to rewrite the expression with a posi- 


I die de 
tive exponent: y ‘= —>. The expression —; is not in simplest form; use the Defi- 
y c 


nition of Negative Exponents to rewrite the expression with a positive exponent: 
| 4 





ee a Onneer 
(aye i 
=» Simplify: —5 
Dy 8x? 
ox Be eee ° Divide the coefficients by their 
8x2 4x9 common factors. Use the Rule for 
Dividing Exponential Expressions. 
goa te yoo urea ¢ Rewrite the expression with only 
a Awe ee positive exponents. 


Ga\ee 





Gs) Ve eae ¢ Use the Rule for Simplifying 
De ey Powers of Quotients. 
ao. ¢ Rewrite the expression with 
ab positive exponents. 
ae 1 © You Try It 1 
Simplify. Simplify. 
a. (—24)(3x") > a. (—2ap)\(2Qa br) 
3q2h-! =e 2x2 mth See) 
b. (| b. T= 
a 4x “y 
Solution Your solution 


Arka ok 4a. 


= (—2x)(3-%x°) © Use the Rule for Simplifying 
Powers of Products. 


ihe ee e Write the expression with 
33 positive exponents. 

Teas ¢ Use the Rule for Multiplying aL 
ae Exponential Expressions. 


Simplify 3°. 
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b. Use the Rule for Simplifying Powers of 
Quotients. Then simplify the expression and 
~ write it with positive exponents. 


3q@2h-) \-2 
(| 
2b => 
- [Sar] 
g2-2p(-DE-2 
91-Dg-I- Dp) 





a *b2 
~ 9-2q°h8 
= 92q~4-6p2-8 
Baars 81 
= 81a" "b"* = 


Solution on p. S39 


Objective B To add and subtract polynomials 


A polynomial is a variable expression in which the terms are monomials. The 
polynomial 15t* — 2¢ + 3 has three terms: 15¢7, —2t, and 3. Note that each of 
these three terms is a monomial. 


A polynomial of one term is a monomial. —7x? is a monomial. 
A polynomial of two terms is a binomial. 4y + 3 is a binomial. 
A polynomial of three terms is a trinomial. 6b* + 5b — 8 is a trinomial. 


Polynomials can be added by combining like terms. This is illustrated in Ex- 
ample 2 below. 





es 2 "You Try It 2 
Add: (8x? — 4x — 9) + (2x? + 9x — 9). Add: (—4x3 + 2x? — 8) + (4x? + 6x? — 7x + 5). 
Solution Your solution 


(8x2 — 4x — 9) + (2x7 + 9x — 9) 
= (8x? + 2x7) + (—4x + 9x) + (-9 — 9) 
= 10x? + 5x — 18 


Solution on p. S39 
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Sine The additive inverse of the polynomial (3x? — 7x + 8) is —(3x? — 7x + 8). 
6.2B polynomials 
To find the additive inverse of a polyno- 
mial, change the sign of each term inside —(3x? — 7x + 8) = —3x7+ 7x —- 8 
the parentheses. 


To subtract two polynomials, add the additive inverse of the second polynomial 
to the first. 


=» Simplify: (5a* — a + 2) — (—2a? + 3a = 3) 
(5a? — a + 2) — (—2a? + 3a — 3) 


= (5a? —a + 2) + (2a* — 3a + 3) ¢ Rewrite subtraction as addition 
of the additive inverse. 
= 2q° + 5a? -—4a4+5 © Combine like terms. 
: | Example 3 rE Try It 3 
Subtract: (7c? — 9c — 12) — (9c? + 5c — 8) Subtract: 


(—4w? + 8w — 8) — (3w? — 4w? + 2w — 1) 


Solution Your solution 
(7c? — 9c — 12) — (9c? + 5c — 8) 

= (7c? — 9c — 12) + (—9c? — 5c + 8) 

= —2c? - 14c — 4 


Solution on p. S40 


To multiply polynomials 


The Distributive Property is used to multiply a polynomial by a monomial. Each 
term of the polynomial is multiplied by the monomial. 





=» Multiply: 3x3(4x4 — 2x + 5) 
3x3(4x4 — 2x + 5) 


= 3x°(4x*) — 3x3(2x) + 3x3(5) ¢ Use the Distributive Property. Multiply 
’ each term of the polynomial by 3x°. 
= 12x’ — 6x* + 15x3 ° Use the Rule for Multiplying Exponen- 


tial Expressions. 


Be cmoceesonasisieassilaivasasnisneressesaescdocttseecenswnereettr etn ee | EOE NEC mw 
B Example 4 ee Try It 4 : 

Multiply: 2xy(3x? — xy + 2y?) Multiply: 3mn?(2m2 — 3m — 1) 

Solution 


Your solution 
2xy(3x? — xy te 2y7) 


= = 2xy(3x° )- 2xy(xy) + 2xy(2y?) 
= 6x°y — 2x? y? + Axy? 


Solution on p. S40 
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A vertical format similar to that used for multiplication of whole numbers is used 
to multiply two polynomials. The product (2y — 3)(y? + 2y + 5) is shown below. 


yr? +2y4+5 
ay =.3 


to 15 
2y? + 4y? + 10y 


2y3+ y2+ 4y-15 


This is —3(y? + 2y + 5). 
This is 2y(y? + 2y + 5). Like terms are placed in the 
same columns. 


Add the terms in each column. 


oo gotta tent 80 BARS ORR ER Gh Oe OE A ee 
BeExample 5 You Try It 5 
Multiply: (2a? + 4a — 5)(3a + 5) 


t 


| 


Solution 
2a*+4a-—5 
3a +5 
10a? + 20a — 25 
6a®> + 12a” — 15a 


6a° + 2207+ Sa — 25 


Multiply two 
6.3C binomials : 


WiplmuidialsiecaaciccceebSanmadsece puree cae gascswenesccveeesevseseeecesenensesocnesecs 


Example 6 


© Align like terms in 
the same column. 


Multiply: (3c? — 4c + 5)(2c — 3) 


Your solution 


Solution on p. S40 


It is frequently necessary to multiply two binomials. The product is computed by 
using a method called FOIL. The letters of FOIL stand for First, Outer, Inner, and 
Last. The FOIL method is based on the Distributive Property and involves adding 
the products of the first terms, the outer terms, the inner terms, and the last 


terms. 


The product (2x + 3)(3x + 4) is shown below using FOIL. 


(Qi 3) 


Last 


First Outer Inner Last 
terms terms terms terms 


(3x + 4) =(2x)Gx) + 2x)4) + BG) + 3)A) 


| areal | = 6x* + 8x + 9x + 12 
Outer = 6x? + 17x + 12 


Multiply: (4x — 3)(2x + 5) 


Solution 
(4x — 3)(2x + 5) 
= (4x)(2x) + (4x)(5) 


BG 3)(2x) + (=3)6) 


= 8x? + 20x + (—6x) + (—15) 


= §x* + 14% — 15 


| You Try It 6 
Multiply: (4y — 7)(3y — 5) 


Your solution 


Solution on p. S40 
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Divide 
6.4A polynomials 


‘Example 7 


Divide: (6x + 2x? + 26) + (x + 2) 


Solution 


To divide polynomials 


To divide two polynomials, use a method similar to that used for division of 
whole numbers. 


To divide (x* — 5x + 8) + (x — 3): 











2 
Step 1 x Think: x x2 =~ =x 
x—3)x?—5x4+ 8 “ 
Pegeseec i, all Multiply: #G —“3) = x? = 3x 
—2x + 8 Subtract: (x? — 5x) — (x? — 3x) = —2x 
Bring down the +8. 
Step 2 eee 
x — 3 )x?-5x4+ 8 ‘ 
2 —— 
x" = 3x Thinks) 27 at oes 
—2x + 8 se 
= 2b Multiply: —2(« — 3) = —2x + 6 
2 Subtract: (—2x + 8) — (—2x + 6) =2 
The remainder is 2. 
Check: (Quotient X Divisor) + Remainder = Dividend 
(x — 2)@ — 3) +2 =x%7?- 3x —-2x +642 =x2?-—5x+8 
(x? -— 5x +8)+(-3)=x-2+ z 
= 8 
| You Try It 7 


Divide: (x? — 7 — 2x) + (x — 2) 


Your solution 


Arrange the terms of the dividend in 
descending order. There is no x? term in 

2x° + 6x + 26. Insert 0.x? for the missing term 
so that like terms will be in columns. 


2x? — 4x + 14 
x +2 )2x3 + 0x2 + 6x + 26 
2x3 + 4x? 
—4x? + 6x 
—4x? — 8x 
14x + 26 
14x + 28 
= 2 
Check: (x + 2)(2x?— 4x + 14) — 2 
= 2x? + 6x + 28 — 2 = 2x3 + 6x + 26 


(Onre2e 1826) hao ye ee 


x+2 


Solution on p. S40 
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To factor polynomials of the form ax? + bx + c 


; One ae A polynomial is in factored form when it is written as a product of other poly- 
7.1A froma polynomial Nomials. It can be thought of as the reverse of multiplication. 


Polynomial Factored Form 
2x3 + 6x? — 10x = 2x(x? + 3x — 5) 
x?-—3x-28 =(x+4)(x -7) 


To factor out a common monomial from the terms of a polynomial, first find the 
greatest common factor (GCF) of the terms. 


The GCF of two or more monomials is the prod- 10a*b =2-5:-a-a-a:‘b 
uct of the GCF of the coefficients and the com- 4a2b? =2-2-a-:a-b-b 
mon variable factors. GCF =2:-a-a-:b=2a’b 


Note that the exponent of each variable in the The GCF of 10a*b and 
GCF is the same as the smallest exponent of that 4a*b? is 2a’b. 
variable in either of the monomials. 


Factor: 5x? — 35x? + 10x 
The GCF is 5x. 
5x3 — 35x? + 10x 


Find the GCF of the terms 5x3, —35x2, and 10x. 


© Divide each term of the polynomial by the GCF. 


Dx 
=< 7are 2 
5x? — 35x? + 10x ® Write the polynomial as the product of the GCF and 
= 5(Ks =i 2) the quotient found above. 
Sx(x? — 7x + 2) © Check the factorization by multiplying. 


= 5x? — 35x? + 10x 


wecesoeoeeeescosors 
ee ta Eclat uci ave viel cisiictei> om aim « sinrolmieisls «'slsis[e einie's't sin.n\e.e\eleelviovcieiain's oleie\o © Bpele'sie e)s s'e(e'o.s\o.cln/e\e e|e'e/ejeisini= eje)eie aime tite °c * oe Oe ee 


i Example 8 You Try It 8 _ 
Factor: 16x4y> + 8x4y? — 12x*y Factor: 6x4y? — 9x3y? + 12x?y 
Solution Your solution 
The GCF is 4x°y. 


L6x*y> + 8x4y? — 12x3y 
= Any (days + Qty = 3) 


Solution on p. S40 
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TAKE NOTE 


Once the correct factors 
are found, it is not 

' necessary to try the 

_ remaining factors. 


TAKE NOTE 

_ Always check the 
proposed factorization 
by multiplying the 
factors. 


ae 9 
Factor: x7 + 6x — 27 


Solution 


A quadratic trinomial is a trinomial of the form ax* + bx + c, where a and b are 
coefficients and c is a constant. Examples of quadratic trinomials are shown 
below. 





x? + 9x + 14 Ge= be ea 
x*-—2x-15 a@=1,b= —2,c =—15 
3x7 -x+4 a=3,b=—le=4 


To factor a quadratic trinomial means to express the trinomial as the product 
of two binomials. For example, 


Trinomial Factored Form . 
2x*-x-1 = (2x4 1)(x -1) 
y = By 42 = (aa) 


We will begin by factoring trinomials of the form x? + bx + c, where the coeffi- 


© cient of x? is 1. 


The method by which factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the 
constant term of the binomials and the terms of the trinomial. 








Sum of the binomial constants 


Product of the 
binomial constants 


as a 














(e+ 4)a+5)=x-xt+5e4+4e44-5 =x? + 9x + 20 
(x — 6) + 8) =x -x + 8x — 6x + (—6)(8) = x7 + 2x — 48 
(x — 3)(x — 2) =x-x — 2x — 3x + (—3)(-2) =x*—5x+ 6 


= Factor: x* — 7x + 10 


Find two integers whose product is 10 and whose sum is —7. 


Negative Factors of 10 Sum 
157-10 1) 
—2,—-5 = © These are the correct factors. 
Keele On Come? og — 5) ¢ Write the trinomial as a product 
Cheah: of factors. 
(x — 2)(« = 5) Su? — 54 — 2x + 10 

=x*— 7x +10 

Ee to a 


Factor: x? — 8x + 15 


Your solution 


Two factors of -27 whose sum is 6 are —3 


and 9. 


x? + 6x — 27 = (x — 3)\(x + 9) 


Solution on p. S40 
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gests SHER 


| TAKE 


i 
3 
g 
a 


| 


_ have a common factor. 


sequecate meneame 


NOTE | 


It is not necessary to 
| test trial factors that 
| have a common factor. If 





_ the trinomial does not 
_ have a common factor, 
_ then its factors cannot 
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To use the trial factor method to factor a trinomial of the form ax? + bx +c 
where a # 1, use the factors of a and the factors of c to write all of the possible 
binomial factors of the trinomial. Then use FOIL to determine the correct fac- 
torization. To reduce the number of trial factors that must be considered, 
remember the following guidelines. 


Use the signs of the constant term and the coefficient of x in the trinomial to 
determine the signs of the binomial factors. If the constant term is positive, the 
signs of the binomial factors will be the same as the sign of the coefficient of x 
in the trinomial. If the sign of the constant term is negative, the constant terms 
in the binomials will have different signs. 


~» Factor: 2x? — 7x + 3 
Because the constant term is positive (+3) and the coefficient of x is negative 


(—7), the binomial constants will be negative. 


Positive Factors of 2 (a = 2) Negative Factors of 3 (c = 3) 
Mee? —1, -3 


Write trial factors. Use the Outer and Inner products of FOIL to determine the 
middle term, —7x, of the trinomial. 


Trial Factors Middle Term 
(¢—1)(2x = 3) —3% — 2x = —5x 
(x — 3)(2x — 1) —x — 6x = -—7x 


2x? — 7x + 3 = (x — 3)(2x — 1) 
Check: (x — 3)(2x — 1) = 2x? -x — 64 4+3=2x?-— 7x +3 


e —7x is the middle term. 


= Factor: 5x7 + 22x — 15 


The constant term is negative (—15). The binomial constants will have differ- 
ent signs. 


Positive Factors of 5 (a = 5) Factors of —15 (c = —15) 
Ac35 —1,15 

is 15 

—3,5 

nS 


Write trial factors. Use the Outer and Inner products of FOIL to determine the 
middle term, 22x, of the trinomial. 


Trial Factors Middle Term 


(¢ = 1)(x + 15) common factor 
(x + 15)(5x — 1) —x + 75x = 74x 
Gea exe 15) common factor 
(elo Nox Ws) ee ax = —74e 


(x — 3)(5x 4+ 5) common factor 
(x + 5)(5x — 3) —3x + 25x = 22x e 22x is the middle term. 
(x + 3)(5x —5) common factor 


(gi 5)(5%-+ 3) 3x — 25x = —22x 


Be 22 ot OS — 3) 
Beri mt (5x3) = Peet oe 1 = Ox 22x — 15 
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alee 10 ke Try it 10 
Factor: 2x? + 3x —5 Factor: 3x? — x — 2 
Solution Your solution 
Positive Factors of 2 Factors of —5 
il eee 1, -5 
—1,5 
Trial Factors Middle Term iit 
(ent Lh 2xt= ) = Nee ee SX 


Coe) 2-5 1) x= 100 = —9% 
(Aga vei) 5g xe 3 
(ea) 2a til) =x 100 = 9x 


2x? + 3x —5 = (x — 1)(2x +5) 


Check: (x — 1)(2Qx +5) = 2x? + 5x=—2x-—5 
= 2x7 +3x-5 


Solution on p. S40 


A polynomial is factored completely when it is written as a product of factors 
that are nonfactorable over the integers. 





The first step in any factoring problem is to determine whether the terms of the 
polynomial have a common factor. If they do, factor it out first. 


Pe 11 a You Try It 11 
Factor: 5x’y + 60xy + 100y Factor: 4a? — 4a? — 24a 
Solution Your solution 


There is a common factor, 5y. 
Factor out the GCF. 


5x*y + 60xy + 100y = S5y(x? + 12x + 20) 


Factor x* + 12x + 20. The two factors of 20 
whose sum is 12 are 2 and 10. 


5y(x? + 12x + 20) = 5y(x + 2)(x + 10) 
5x*y + 60xy + 100y = 5y(x + 2)(x + 10) 


Check: vin 
See + 10) = Ce + 10y ee) 

= 5x7 2 + 50xy + 10xy + 100y 

= 5x*y + 60xy + 100y 


Solution on p. S40 
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R.4 Exercises 


Objective A 


Simplify. 


9. (—m?n)(m°n?’) 


ihe 





17. (9mn*p)(—3mp’) 


14x4y°2? 


Ze 
16%°9"z 


7 VE 


IAD re 


33: @’y “} 


2. b-b?= 


6. (min’) 


10. (=r*t?)(r’t?) 


ab® 


14. 
arb? 


18. (—3v2wz)(—4vz'*) 


a 25x yz 
* 20x°y°zt! 


26. —6y"! 


S0i 


B45 (Gey )S* 


11. 


15. 


19. 


23. 


PAT |» 


31. 


35; 


Cae 


Q 
NS) 


(—2a*bc’)> 


—16a’ 
24a° 





(= 20-30%), 


(—2x3y?)3(—xy*)* 


d-4d-§ 





(se ty 7)? 
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12; 


16. 


20. 


24. 


28. 


32. 


36. 


741 


(b*)" 


(—4xy3z?)? 


18b° 
—45b4 


(—3m?n)(—2m?n?)3 


(—m'n?)>(—2m3n3)3 


5 oie uae 


Gxyit) 
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CWENKO Ea) LE a6.) 39. a 40. at 
41. Bin J i 42. ign? 43. (x *y)(xy)? a4. Gy) ye 
4xy ab 

45. =)" 46. oes “| 47. Sl is. ee a 
Objective B 

Add or subtract. 

49. (4b? — 5b) + (3b? + 6b — 4) 50. (2c? — 4) + (6c? — 2c + 4) 

51. (2a? — 7a + 10) + (a? + 4a +7) 52. (—6x* + 7x + 3) + (3x? + x + 3) 

53. (x? — 2x + 1) — (x? + 5x 4 8) 54. (3x* + 2x — 2) — (5x? — 5x + 6) 

55. (2 + x = 1) — (=x? + x 3) 56. (2x? + 5x — 3) — Ge" + 2x — 5) 

57. (x? = 7x +74) + x24 x = 10) 58. (3y? + y? + 1) + (—4y3 Oy nas) 

D9 (Gees 7x 17) 10x? = 8x +33) 60. (3y° + 4y + 9) + (2y? + 4y — 21) 

61. (2y? + 6y — 2) -(y3 + y?2 +4) 62. (=2e7 —=2 4 4) = ao 3x — 2) 

63. (4y° ~ y —1) = (2y? = 3y + 3) 64." (3x7 23) Or = ey 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Objective C 


67. 


69. 


us. 


73. 


aoe 


rire 


Thee 


81. 


84. 


87. 


90. 


93. 


96. 


Multiply. 


65. 4b(3b? — 12b? — 6) 


3b(3b* — 3? + 8) 
~2x?y(x? — 3xy + 2y?) 
(x? + 3x + 2)(x + 1) 

(a — 3)(a* — 3a + 4) 
(—2b? — 3b + 4\(b = 5) 


(x? — 3x + 2)(x — 4) 


(y + 2)(y? + 2y? — 3y + 1) 


(a — 3)(a + 4) 
Ge 3)Gez9) 
(3x — 1)(x + 4) 


(2x — 3)(4x — 7) 


(7a — 16)(3a — 5) 


(2a + b)(a + 3b) 


82. 


85. 


88. 


91. 


94. 


97. 


66. 


68. 


70. 


103 


74. 


76. 


78. 


80. 


(b — 6)(b + 3) 


(2x + 1)@ +7) 


(7x — 2)(x-+ 4) 


(3y — 8)(y + 2) 
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—2a?(3a? — 2a + 3) 


—2x*(2x? — 3x — 7) 


3ab?(3a* — 2ab + 4b?) 


(x? — 2x + 7)(x — 2) 


(2x — 3)(x? — 3x + 5) 


(—a* + 3a — 2)(2a — 1) 


(y? + 4y* — 8)(2y — 1) 


(2a — 3)(2a* — 3a? + 2a — 1) 


83.. G’ = 1) Uma) 


86. (y+ 2)(5y + 1) 


89. (44 =—3)@—-7) 


92. (5y=9)(y + 5) 


(5a — 12)(3a — 7) 95. (x + y)(2x + y) 


(3x — 4y)(x — 2y) 98. (2a — b)(3a + 2b) 


744 


99. 
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(5a — 3b)(2a + 4b) 


Objective D 


Divide. 


102. 


105. 


108. 


111. 


114. 


116. 


118. 





(b> — 14 + 49) + (b — 7) 


(2y> = 13yh 21) earns} 


(6x? — 7x) + (3x — 2) 


(b? — 8b — 9) + (b - 3) 


(8x + 3 + 4x”) + (2x — 1) 


(x3 + 3x? + 5x + 3) +(x + 1) 


(x* — x? — 6) + (x? + 2) 


Objective E 


Factor. 


120. 


123. 


126. 


129. 


132. 


8x + 12 


10x7yz* + 15xy3z 


3x3 + 6x? + Ox 


x4y4 — 3x3y3 + 6x 2y? 


x7 +5x+6 


100. 


103. 


106. 


109. 


112. 


121. 


124. 


V2ie 


130. 


133. 


(2x + 3)(2x = 3) 


(x* — x — 6) + (x — 3) 


(x? + 1) +(e - 1) 


(6y? + 2y) + (2y + 4) 


(2yme— Dy 8) = (2p 73) 


101. 


104. 


107. 


110. 


113. 


(4x — 7)(4x + 7) 


(2x? + 5x +2) +(x +2) 
(x? 4.4) + +2) 
(a2 + 5a +10) + (a+ 2) 


(3x? + 5x — 4) + (x - 4) 


115. (10 + 21y + 10y) + (2y + 3) 


117. @ — 6x7 74 —2) 4 GED 


119. (x* + 3x? — 10) = @? —2) 


12y? — 5y 


x? — 3x? -—x 


3y4 — Oy — 6y? 


4x°y? — 8x4y4 + x3y3 


x7+x-2 


1223 


125, 


128. 


131. 


134. 


10x* = 12x 


5x? — 15x + 35 


2x3 + 6x2 — 14% 


te 
‘ 


16x*y — 8x3y4 — 48x2y? 


xe+x-6 
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135. 


138. 


141. 


144. 


147. 


150. 


153. 


156. 


159. 


162. 


165. 


168. 


it. 


174. 


iT 


180. 


a’ +a-—12 
a’—5a+4 
yeaa as 

p? + 12p +27 
y? — 9y + 81 
5x? + 6x + 1 
3a? —- 4a + 1 
627 —11¢+4 
10z7 + 3z-—4 
827 — 362+ 1 
12y? + 19y +5 
477 + 11z +6 
3x7 + 15x + 18 
3y? — 15y? + 18y 
2x? — 11x? + 5x 


16t? + 40¢ — 96 


136. 


139. 


142. 


145. 


148. 


151. 


154. 


157. 


160. 


163. 


166. 


169. 


172. 


175. 


178. 


181. 


a’ — 2a — 35 


b* + 7b - 8 


y? — 8y +15 


b* + 9b + 20 


p? + 24p + 63 


2y? + Ty + 3 


4x* — 3x -—1 


10¢2 + 11¢ + 3 


3x7 + 14x -—5 


2r7 —t — 10 


5y* — 22y + 8 


6b? — 13b + 6 


3a" + 3a — 18 


2y4 — 26y? — 96y? 


2x3 + 3x? — 5x 


6p? + 5p? +p 
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137. 


140. 


143. 


146. 


149. 


152. 


155. 


158. 


161. 


164. 


167. 


170. 


173. 


176. 


179. 


182. 


a’ —3a+2 


y? + by — 55 


2? — 142 + 45 


y? — 8y + 32 


x? — 15x + 56 


2a* - 3a+1 


2x? — 5x - 3 


8x? + 33x + 4 


O77 95e 1 A0 


2te ot ale 
11a” — 54a —5 
6x? + 35x — 6 
ab* + Tab — 8a 


3y4 + 54y? + 135y" 


10¢7 — 5t — 50 


12x*y — 36xy + 27y 








bel 
« 
j } 
{! roe] 
n, = 
za i> tf 
: [“« | 
< - ts =< 
m. => ae.1 
bi afb Sud. cop's 
iy} ses se. stoi 
at=ie~ "\l hal 
ra 
Cc jibe ull yal 
— at > on ATI 
nes ra FY? 
= iga ;s oc ri ati “a Fay 
7 
i 

ie ie - ah) or) ¥ 

co beet = ph yk) ey 
om yy. wry 
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a Appendix | 
Calculator Guide for the TI-83 and Tl-83Plus 


ay) 


—10 jo 


10 





Basic Operations 


To evaluate an expression 


a. 


Press the key. A menu showing \Y1 = through \Y7 = will be displayed verti- 
cally with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, to 
delete an unwanted expression. 


. Input the expression to be evaluated. For example, to input the expression 


—3a*b — 4c, use the following keystrokes: 
(7) 3 [ALPHA] a GE) (ALPHA) p C2] 4 (ACBAR] c End] our 


Note the difference between the keys for a negative sign and a minus sign 


p=: 


. Store the value of each variable that will be used in the expression. For example, 


to evaluate the expression above when a = 3, b = —2, and c = —4, use the fol- 
lowing keystrokes: 


3 A [ENTER] [()] 2 [STO>] [ALPHA] B 4 
C 


These steps store the value of each variable. 





. Press [VARS] [& | [1] [1] [ENTER]. The value for the expression, Y1, for the given 








values is displayed; in this case, Y1 = 70. 


To graph a function 
a. Press the key. A menu showing \Y1 = through \Y7 = will be displayed verti- 


10 





cally with a blinking cursor to the right of \Y1 =. Press (CLEAR), if necessary, to 
delete an unwanted expression. 


. Input the expression for each function that is to be graphed. Press to input 


x. For example, to input y = x° + 2x? — 5x — 6, use the following keystrokes: 


3(4] 2 ten) B2][£] 5 ter] 16 








. Set the viewing window by pressing [WINDOW]. Enter the values for the minimum 


x-value (Xmin), the maximum x-value (Xmax), the distance between tick marks on 
the x-axis (Xscl), the minimum y-value (Ymin), the maximum y-value (Ymax), and 
the distance between tick marks on the y-axis (Yscl). Now press [GRAPH]. For the 
graph shown at the left, Xmin = —10, Xmax = 10, Xscl = 1, Ymin = —10, 
Ymax = 10, and Yscl = 1. This is called the standard viewing window. Pressing 
[6] is a quick way to set the calculator to the standard viewing window. 
Note: This will also immediately graph the function in that window. 


. Press the key. The equal sign has a black rectangle around it. This indicates 


that the function is active and will be graphed when the key is pressed. A 
function is deactivated by using the arrow keys. Move the cursor over the equal 
sign and press [ENTER]. When the cursor is moved to the right, the black rectan- 
gle will not be present and that equation will not be active. 


. Graphing some radical equations requires special care. To graph the equation 


y = V2x + 3 shown at the left, enter the following keystrokes: 


[Y=] [CLEAR] [2nd] V2 [KT] +] 3 D] [GRAPH 
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To display the x-coordinates of rectangular coordinates as integers 
a. Set the viewing window as follows: Xmin = —47, Xmax = 47, Xscl = 10, 
Ymin = —31, Ymax = 31, Yscl' = 10, 


b. Graph the function and use the TRACE feature. Press and then move the 
cursor with the [<i] and [& ] keys. The values of x and y = f(x) displayed on the 
bottom of the screen are the coordinates of a point on the graph. 


To display the x-coordinates of rectangular coordinates in tenths 


a. Set the viewing window as follows: 


b. Graph the function. Press and then move the cursor with the [4] and 
[> ] keys. The values of x and y = f(x) displayed on the bottom of the screen are 
the coordinates of a point on the graph. 


To evaluate a function for a given value of x, or to produce ordered pairs of a function 
a. Input the equation; for example, input Y1 = 2x? — 3x + 2. 


b. Press QUIT. 
c. To evaluate the function when x = 3, press [VARS] [¢ | eat Rake [ENTER]. 


The value for the function for the given x-value is displayed, in this case, 
Y1(3) = 47. An ordered pair of the function is (3, 47). 





d. Repeat step c. to produce as many pairs as desired. 


The TABLE feature can also be used to determine ordered pairs. 


To use a table 
a. Press TBLSET to activate the table setup menu. 


b. TblStart is the beginning number for the table; ATbl is the difference between any 
two successive x-values in the table. 
; Indpnt: Qttige) Ask 
c. The portion of the table that appears as Depend: JRHE Ask allows you to 
choose between having the calculator automatically produce the results 
(Auto) or having the calculator ask you for values of x. You can choose Ask by 
using the arrow keys. 


d. Once a table has been set up, enter an expression for Yi. Now select TABLE by 


pressing TABLE. A table showing ordered pair solutions of the equation will 
be displayed on the screen. 





Zoom Features 
To zoom in or out on a graph 
Here are two methods of using ZOOM. 


a. The first method uses the built-in features of the calculator. Press and 
then move the cursor to a point on the graph that is of interest. Press [ZOOM]. The 
ZOOM menu will appear. Press to zoom in on the graph by the 
amount shown under the SET FACTORS menu. The center of the new graph is the 
location at which you placed the cursor. Press to zoom out on 
the graph by the amount under the SET FACTORS menu. (The SET FACTORS 
menu is accessed by pressing [>] [4].) 


b. The second method uses the ZBOX option under the ZOOM menu. To use this 
method, press [1]. A cursor will appear on the graph. Use the arrow keys 
to move the cursor to a portion of the graph that is of interest. Press [ENTER]. Now 
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Intersection 
X=-1.6861U1 


3.1 
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use the arrow keys to draw a box around the portion of the graph you wish to zoom 
in on. Press [ENTER]. The portion of the graph defined by the box will be drawn. 


c. Pressing [ZOOM] [6] resets the window to the standard viewing window. 





Solving Equations 





This discussion is based on the fact that the real number solutions of an equation are 
related to the x-intercepts of a graph. For instance, the real solutions of the equation 


x? =x + 1 are the x-intercepts of the graph of f(x) = x’ — x — 1, which are the zeros 
of f. 


To solve x? = x + 1, rewrite the equation with all terms on one side: x7 — x — 1 = 0. 
Think of this equation as Y1 = x? — x — 1. The x-intercepts of the graph of Y1 are the 
solutions of the equation x? = x + 1. 


a. Enter x? — x — 1 into Yi. 


. Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


c. Press CALG/2)]. 


d. Move the cursor to a point on the curve that is to the left of an x-intercept. Press 


[ENTER]. 


e. Move the cursor to a point on the curve that is to the right of the same x-intercept. 


Press |ENTER] |ENTER}. 


f. The root is shown as the x-coordinate on the bottom of the screen; in this case, the 
root is approximately —0.618034. To find the next intercept, repeat steps c¢. 
through e. The SOLVER feature under the MATH menu can also be used to find 
solutions of equations. 





Solving Systems of Equations in Two Variables 


To solve a system of equations 
To solve y= x? —71 


! = 
ax ty 1 ; 


a. If necessary, solve one or both of the equations for y. 

b. Enter the first equation as Y1: Y1 = See Bl 

c. Enter the second equation as Y2: Y2 = 1 — .5x. 

d. Graph both equations. (Note: The point of intersection must appear on the screen. 
It may be necessary to adjust the viewing window so that the points of intersec- 


tion are displayed.) 


e. Press CALC (5: 
f. Move the cursor close to the first point of intersection. Press [ENTER| |ENTER 


[ENTER]. 
g. The first point of intersection is (—1.686141, 1.8430703). 


h. Repeat steps e. and f. for each point of intersection. 
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Finding Minimum or Maximum Values of a Function 


a. Enter the function into Y1. The equation y = x? — x — 1 is used here. 


b. Graph the equation. You may need to adjust the viewing window so that the maxi- 





mum or minimum points are visible. 


. Press CALG to determine a minimum value or press CALC to 





c 
determine a maximum value. 

d. Move the cursor to a point on the curve that is to the left of the minimum (maxi- 
mum). Press [ENTER]. ary 

e. Move the cursor to a point on the curve that is to the right of the minimum (maxi- 
mum). Press [ENTER] [ENTER]. 

f. The minimum (maximum) is shown as the y-coordinate on the bottom of the 
screen; in this case the minimum value is — 1.25. 

Statistics 


To calculate a linear regression equation 


a. 


= 


Press to access the statistics menu. Press 1 to Edit or enter a new list of 
data. To delete data already in a list, press the up arrow to highlight the list name. 
For instance, to delete data in L1, highlight L1. Then press and [ENTER]. 
Now enter each value of the independent variable in L1. Enter each value of the 
dependent variable in Lz. 


. When all the data has been entered, press [STAT] [& ] 4 [ENTER]. The values of the 





slope and y-intercept of the linear regression equation will be displayed on the 
screen. 


- To graph the linear regression equation, modify step b. with these keystrokes: 





STAT ] [> ] 4 [VARS] [©] 1 1 [ENTER]. This will store the regression equation in 
Y1. Now press [GRAPH]. It may be necessary to adjust the viewing window. 


To evaluate the regression equation for a value of x, complete step c. but do not 


graph the equation. Now press (ole A [ENTER], where A is 


replaced by the number at which you want to evaluate the expression. 
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Proofs and Tables 





Proofs of Logarithmic Properties 


In each of the following proofs of logarithmic properties, it is assumed that the Properties of Exponents are true 
for all real number exponents. 


The Logarithm Property of the Product of Two Numbers 
For any positive real numbers x, y, and b, b # 1, log, xy = log,x + log,y. 
Proof: Let log,x =m and log,y = n. 


Write each equation in its equivalent exponential form. x =b”™ y = b" 
Use substitution and the Properties of Exponents. xy = bb" 
xy = [pie 
Write the equation in its equivalent logarithmic form. log,xy=m+n 
Substitute log,x form and log,y for n. log, xy = log,x + log,y 


The Logarithm Property of the Quotient of Two Numbers 
For any positive real numbers x, y, and b, b # 1, log, — log,x — logpy. 
y 


Proof: Let log,x = m and log,y =n. 


Write each equation in its equivalent exponential form. x= b™ y = b” 
x b™ 
Use substitution and the Properties of Exponents. - a 
Ke 
—— b™ = 
BY 
re 
Write the equation in its equivalent logarithmic form. log, es n 
x 
Substitute log,x for m and log, y for n. log, ao log,x — log,y 
The Logarithm Property of the Power of a Number 
For any real numbers x, r, and b, b 41, log,x" =r log,x. 
Prooy- Let, logrx = m. 
Write the equation in its equivalent exponential form. =D 
Raise both sides to the r power. x= (Db) 
x" a [pie 
Write the equation in its equivalent logarithmic form. log,x" = mr 
Substitute log,x for m. log, x’ = r log,x 
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Table of Symbols 


ai 


*, X,(a)(b) 
a . 
pr aye 


() 
[] 


add 
subtract 
multiply 


divide 
parentheses, a grouping symbol 
bradkéts, a grouping symbol 

~ : 22 
pi, a number approximately equal to or 


or 3.14 
the opposite, or additive inverse, of a 


the reciprocal, or multiplicative inverse, 
of a 


is equal to 
is approximately equal to 
is not equal to 


is less than 

is less than or equal to 

is greater than 

is greater than or equal to 


an ordered pair whose first component is a 
and whose second component is b 


degree (for angles). 

the principal square root of a 
the empty set 

the absolute value of a 

union of two sets 
intersection of two sets 

is an element of (for sets) 

is not an element of (for sets) 
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Solutions to You Try It $1 


ee Solutions to Chapter 1 “You Try It” 


SECTION 1.1 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try it 5 


You Try It 6 


You Try It 7 


You Try It 8 


Replace y by each of the elements of 
the set and determine whether the 
inequality is true. 


vos 1 
—5 > —1 False 
—1 > -1 False 
Sea lelrire 


The inequality is true for 5. 


Replace z by each element of the 
set and determine the value of the 
expression. 


mg |z| 
=(-11) =11-~ e}=11|=11 
~(0) =0 \o| =0 
=(8) = —8 |8| = 8 


100 + (—43) = 57 


(—51) + 42 + 17 + (-102) 
= -9 + 17 + (102) 

8 + (—102) 

= -94 


19 — (—32) = 19 + 32 
=51 


—9 —(-12) -17-4 

= —-9 + 12 + (-17) + (-4) 
3 aa(—17)eh (4) 
—14 + (-4) 
= -18 


8(-9)10 = —72(10) 
= —720 


(—2)3(-8)7 = —6(-8)7 
= 48(7) 
= 336 


You Try It 9 


You Try It 10 


You Try It 11 


You Try It 12 
Strategy 


Solution 


(—135) + (—9) = 15 


To find the average daily low 
temperature: 


e Add the seven temperature 
readings. 
* Divide the sum by 7. 


—6 + (-7) + 0 + (—5) + (—8) + (-1) + (-1) 


SECTION 1.2 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


= -28-28+7=-4 


The average daily low temperature 
was —4°C. 


Neolie ss 
lI 
i) 
| 





125% = 125) = 22 =2 
100) 100 4 


125% = 125(0.01) = 1.25 





EB | 
— = — (100% 
rae (100%) 
100 1 
ep AI oF 
3 Yo 333 0 


0.043 = 0.043(100%) = 4.3% 





a 





S2 Chapter 1 


You Try It5 The LCM of 8, 6, and 4 is 24. 


Teach om oN SOKNP TS 

SS SS SS 

Say Ged © Ode dA 
_-21  -20 18 
re ery ys 
_ -21- 20+ 18 
at 24 
_ 23 23 
SR GY 


YouTry!It6 16.127 — 67.91 
= 16.127 + (-67.91) 
SERS) 


ll 


You Try It 7 
The quotient is positive. 


-$+(-3)-2+3-2-2 
Sa 55 


You Try It 8 5.44 
xX 3.8 
4352 
1632 
20.672 


—5.44(3.8) = —20.672 





You Try It 9 
—63 = -(6:6-6) = -216 


You Try It 10 
(3) = (= 3)(—3)(—= 3 =3) = oi 


You Try It 11 
(3°)(—2)3 = (3)(3)(3) - (—2)(—2)(—2) 
= 27(—8) = -216 
You Try It 12 
Ay Fle)-4 
Bae Naess S| Os 
You Try It 13 
—3(0.3)3 = —3(0.3)(0.3)(0.3) 
= —0.9(0.3)(0.3) 
= —0.27(0.3) = —0.081 
You Try It 14 
—5V32 = -5V16-2 =-5V16 V2 
=—5- 4/2 = -20V2 





You Try It15 V216 = V36- 6 = V36 V6 = 6V6 


You Try It 16 


Strategy To find the average monthly net 
income for the first quarter of 2000, 
divide Friendly’s net income for the 
quarter (—18.510 million) by the 
number of months in the quarter (3). 


Solutiong s185 102.3 —— 6170 


The average monthly net income was 
—$6.17 million. 


SECTION 1.3 


You Try It 1 18 5 [8 22 5) 10 
=.18 — 5[8is+2(—3)]. = 10 

18 — 5[8 + 6] + 10 

= 18 — 5[{14] + 10 


= 18 — 70 = 10 
= ESV 
="11 


You Try It2 36 + (8 — 5)? — (—3)?-2 
= 36 + (3)? — (-3)%- 2 
= 36+9-9-2 
3149-2 
=4-18 
=-14 





You Try It3 (6.97 — 4.72)? - 4.5 + 0.05 
= (2.25)? - 4.5 + 0.05 
= 5.0625 - 4.5 + 0.05 
= 22.78125 + 0,05 





= 455.625 
SECTION 1.4 
a’ +b? 
You Try It 1 
ou Iry it aes, 


SY (33) 0-925 9 

Sct (3) Fae) 
_ 34 

Ae 

‘47 


IF. 


You Trylt2 = x3 — 2(x + y) + 22 
(2)? — 2[2 + (—4)]+ (-3) 
= (2) 22) a3) 
= 8 — 2(-2) +9 
=8 +449 
12+9 
= 21 
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You Try It 3 
You Try It 4 
You Try It 5 
You Try It 6 
You Try It 7 
You Try It 8 
You Try It 9 
You Try It 10 


You Try it 11 


You Try It 12 


B2G = 2y) = (—x + By) 


You Try It 13 


Sie 2d SBA GI Jaa 
—3y2 + 7+ By? — 14 = 5y?—7 
—5(4y2) = —20y? 

7 1(—2a) = 14a 

(5x4 )(—2) = 10x 

—8(—2a + 7b) = 16a — 56b 
Ga= 1)5 = 5a - 5 


24 = x 47) = 2x? — 2x + 14 


By = 267— 7x) =\3y = 2y + 14x 


=1l4xe+y 


= 


By 21x — 422 — 3y)] = 3y — 2[e = 8 + 12y] 


You Try It 14 


You Try It 15 


You Try It 16 


© Solutions to Chapter 2 “You Try It” 


SECTION 2.1 


You Try It 1 


eave dt + 16 — 24y 
== 24 — Lily 7 16 


the unknown number: x 
the difference between 
the number and sixty: x — 60 


Dae OU 50. 00 


the speed of the older model: s 
the speed of the new model: 2s 


the length of the longer piece: L 


the length of the shorter piece: 
6-2, 


54x =8x +2 






1 1 
ae Seg) 
s-4(3)]8(4) 
5 1242 

4=4 


1 : 
Yes, z is a solution. 


me Ay ia = Sy 


SECTION 1.5 


You Try It 1 
You Try It 2 
You Try It 3 
You Try It 4 
You Try It 5 


You Try It 6 


You Try It 7 


You Try It 8 


You Try It 9 


You Try It 10 


You Try It 11 


You Try It 2 


Solutions to You Try It $3 


A= (9, £7, —5;,=3, <1} 
A={1,3,5,...J 

Als B= |—2, =15.0,15 2,.3,4) 
CN D = (10, 16} 

ANB=© 


{x|x < 59, x € positive even 
integers} 


{x|x > —3, x € real numbers} 


The graph is the numbers greater 
than —2. 


-5-4-3-2-1 0123 45 


The graph is the numbers greater 
than —1 and the numbers less 
than —3. 


-5-4-3-2-1 0123 45 


The graph is the numbers less than or 
equal to 4 and greater than or equal 
to —4. 


= 5-4 —3)—2 1) JON S12 S45 
The graph is the real numbers. 


-5-4-3-2-1 0123 45 


10x —x?=3x-10 


10(5) = (5)? 3G) 10 
5025 | lS aelO 
2545 


No, 5 is not a solution. 
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S4 Chapter 2 


You Try It 3 


You Try It 4 


You Try It 5 


You Try It 6 


You Try It 7 
Strategy 


Solution 


- ees 
ae 
eee ra ee 
6 8 8 8 
204 
24. «= 


eae 
The solution is 5A" 


3-35 he 


The solution is —15. 


4x — 8x = 16 
—4x = 16 
Seo Ne 
-4 -4 

x=-—4 


The solution is —4. 


IPs ips as AI 
1 2 | 
es Of a 
ae 18 es 6 
1 

6:—B=6-18 
6 
B= 108 


18 is 165% of 108. 


To find the percent, use the basic 
percent equation. 
B = 158.3 million; A = 22.45 million; 
P is unknown. 
P-B=A 

PU583)5= 22:45 
P(158.3) | 22.45 

1583 @ 8 53,3 

P ~0.142 = 14.2% 





The Big Ten Conference received 
approximately 14.2% of the total 
revenue. 


SECTION 2.2 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


Deeg a hl) 
Suen = f= 10 = 7 
5x = 3 

DG 


The solution i 


n* 
Ul] Ww 


II 


2= 11 + 3x 
2—10=1)—1h+3% 
—9 = 3x 


3 3 
—3 =x 


The solution is —3. 


jo = 5) ae Oho SWS 
jt) D5 

Bk —~ 5 +5225 45 
5x = 30 
Dts 5) 
Sees 


xX=6 


The solution is 6. 


5x +4=6+ 10x 
5x — 10x +4=6+ 10x — 10x 
=5ye ae Ch = 6 
=n ap a) a= = a! 
—5x =2 
58 2 


=) ae 


: Past mae 
The solution is — e 


DX Ose ee 
2x - 10 =6-— 4x 
2x + 4x = 10 = 6 — 4x 4 4y 


6x — 10 = 6 
6x'= 10 +.10' = 64e 10 

6x = 16 

6x 16 

6 6 

mS 

‘eae 


The solution is 5. 
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You Try It 6 5x — 4(3 — 2x) = 2(3x — 2) + 6 
Sa 2 SiGe — 4 +6 
“13x —12 = 6x +2 
AB3x ~.6x 4-12 = 6x —-6x + 2 


Tse = 1D = 2 
dea Wa 12 S22 
: 7x = 14 
Tx _ 14 
eer, 
x=2 


The solution is 2. 


You Try It 7 =2(3e = 524) —13))=3.'—8 
=2(3x% — 10x.+ 15] =3x — 8 
—2[—7x.4+ 15] = 3x — 8 
14x — 30 = 3x — 8 
(lee <=> Sine == Sh0) = She = che =) 
11x = 30 = =8 
11x — 30 + 30 = —8 + 30 
dix = 22 
Lit i22 
te | 
x=2 
The solution is 2. 
You Try It8 =the smaller number: n 


the larger number: 14 — 1 


one more than the sum of the 


three times the 


larger number 


and three 


equals 


smaller number 





3n+1=(14-n)+3 
ein ae 1h = 1 Sap 
3n tan + V=17—n tn 


4n+1=17 
4n+1-1=17-1 

4n = 16 

4n _ 16 

aA 

n=4 


14-n=14-4=10 
These numbers check as solutions. 


The smaller number is 4. 
The larger number is 10. 





SECTION 2.3 


You Try It 1 
Strategy 


Solutions to You Try It $5 


e Pounds of $.55 fertilizer: x 





Solution 


You Try It 2 


Strategy 


© The sum of the values before 
mixing equals the value after 
mixing. 
0.80(20) + 0.55x = 0.75(20 + x) 
16> OL55x0°= "15 + 0:75% 
16 — 0.20x = 15 
—0.20x = —-1 
x=5 


5 lb of the $.55 fertilizer must be 
added. 


° Liters of the 6% solution: x 





Solution 


You Try It 3 
Strategy 


° The sum of the quantities before 
mixing equals the quantity after 
mixing. 

0.06x + 5(0.12) = 0.08 + 5) 

0.06x + 0.60 = 0.08x + 0.40 
0.06x + 0.20 = 0.08x 
0.20 = 0.02x 
10=x 


The pharmacist adds 10 L of the 6% 
solution to the 12% solution to get an 
8% solution. 


e Additional amount: x 





S6 Chapter 2 


Solution 


You Try It 4 
Strategy 





Solution 


You Try It 5 
Strategy 





Solution 


e The sum of the interest earned by 
the two investments equals 9% of 
the total investment. 


0.08(5000) + 0.11x = 0.09(5000 + x) 
400 + 0.11x = 450 + 0.09x 
400 + 0.02x = 450 
0.02x = 50 
x = 2500 


$2500 more must be invested at 11%. 


e Rate of the first train: r 
Rate of the second train: 2r 


e The sum of the distances traveled 
by the two trains equals 288 mi. 


Sieh) = e288 


3r + 6r = 288 
or = 288 
r= 32 
2r = 2(32) = 64 


The first train is traveling at 32 mph. 
The second train is traveling at 64 mph. 


° Time spent flying out: t 
Time spent flying back: 5 — ¢ 


© The distance out equals the 
distance back. 
150¢ = 100(5 — £) 
150¢ = 500 — 100r 
250t = 500 
t= 2 (The time out was 2h.) 


The distance out = 150t¢ = 150(2) = 
300 mi. 


The parcel of land was 300 mi away. 


SECTION 2.4 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try it 5 
Strategy 


265 = Oscae/ 
Anes i 
—4x < 8 
—4x 8 
47 -4 
oe oe 


(xle 22} 


mA b 


PY A eth, a), 
eer Oo 
5x —2=10- 3x 
8x —-2=10 

eres: [2 

Sx el 

ae ee 

8 


NI] WwW Oo 


Paes. Sie i 3) et 4! 33 
=2=—3 = 5453 = 3 = 13-3 

=) = oye = id 

eae tC) 

5 5 5 

ils 


(x| -l=x=2} 


2. St Sebi orien) cay 


ee 2x > 2 
i438 poe il 
{x|x < —3} (le 1] 


(xii le td 
= {x|x < -30rx> 1} 


To find the maximum number of miles: 


° Write an expression for the cost of 
each car, using x to represent the 
number of miles:driven during the 
week. “* 

° Write and solve an inequality. 
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Solution ‘ 
Cost of a is Cost of a 


Company A | less Company B 
car than car 





24(7) + 0.10x < 30(7) + 0.08x 
_ 168 + 0.10x < 210 + 0.08% 
168 +'0.10« — 0.08% < 210 + 0.08x — 0.08x 
168+ 0.02x < 210 
168 — 168 + 0.02x < 210 — 168 
0.02x < 42 

0.02x 42 

< ——— 

0.026 0.02 

x < 2100 





The maximum number of miles is 
2099. 


SECTION 2.5 


You Tryit1  |2x — 3] =5 
Zt SONU ex oi = 5 
2x = 8 2x =2 
=4 x=-1 


The solutions are 4 and —1. 


You Try!lt2 5 -—(|3x+5|=3 


aloe = 2 
[3x + 5] = 2 
3x FS = 2 3 FS = 2 
34-3 BS 7 
mn R77 
x= ee 


3 7 
The solutions are —1 and =o. 


GF Solutions to Chapter 3 “You Try It” 


SECTION 3.1 


You Tryit1 OR+ RS + ST = OT 
244+ RS + 17 = 62 

41 + RS = 62 

RS = 21 


RS isenm 





Solutions to You Try It $7 


You Tryit3 |3x+2|<8 
iS sd Xiclie 2 
0) Si Oe 
NO << By < ©) 
oo 1 OU ERO re 
See 
3 4 3 


10 
eae 2 


{» 


YouTryit4 |5x+3|>8 
Set BK Se) Or Syese SS & 





10 
-Rex<2 


5x <-11 bye = 5 
pieeolilds SI 
5 x 


{rle<-2 ober salt 


{rlx< al Dilacke = 1 
11 
= {z|x< vases > | 


You Try It 5 


Strategy | Letb represent the desired diameter 
of the bushing, T the tolerance, and 
d the actual diameter. Solve the 
absolute value inequality |d — b| = T 
for d. 

Solution \d-—b| =T 
|d — 2.55| < 0.003 

—0.003 <d — 2.55 = 0.003 
=(),003 - 2.550 2556 2595 = 0.0036 2-55 
25402 0 22555 


The lower and upper limits of the 
diameter of the bushing are 2.547 in. 
alld! 22559 In. 


You Tryit2 AC=AB+BC 
AC = = (BC) + BC 


AC == (16) +16 


AC =4+ 16 
AC = 20 
AC = 20 ft 


a a eo fe Oat 


S8 Chapter 3 


You Try It 3 
Strategy 


Solution 


You Try It 4 
Strategy 


Solution 


You Try It 5 
Strategy 


Solution 


You Try It 6 
Strategy 


Solution 


You Try It 7 
Strategy 


Supplementary angles are two angles 
whose sum is 180°. To find the 
supplement, let x represent the 
supplement of a 129° angle. Write 

an equation and solve for x. 


x + 129° =180° 
Bi heawe 


The supplement of a 129° angle is 
a 51° angle. 


To find the measure of Za, write an 
equation using the fact that the sum 
of the measure of Za and 68° is 118°. 
Solve for Za. 


AG Oo — malo 
La =50° 


The measure of Za is 50°. 


The angles labeled are adjacent 
angles of intersecting lines and are, 
therefore, supplementary angles. 
To find x, write an equation and 
solve for x. 


(2 16iosr= 180° 
4x + 16° = 180° 
4x = 164° 

t= AL? 


3x = y because corresponding 

angles have the same measure. 

y + (« + 40°) = 180° because 
adjacent angles of intersecting lines 
are supplementary angles. Substitute 
3x for y and solve for x. 


Sat (x 40°) = 180° 
4x + 40° = 180° 
4x = 140° 

x = 35° 


° To find the measure of angle b, use 
the fact that 2b and Zx are 
supplementary angles. 


Solution 


You Try It 8 
Strategy 


Solution 


SECTION 3.2 


You Try It 1 
Strategy 


Solution 


You Try It 2 
Strategy 


e To find the measure of angle c, 
use the fact that the sum of the 
measures of the interior angles of 
a triangle is 180°. 

e To find the measure of angle y, 
use the fact that Zc and Zy are 
vertical angles. 


Zb + Zx = 180° 
Zb + 100° = 180° 
Lie a0" 


Za+Zb+ Zc = 180° 

45° + 80° + Zc = 180° 

12532 180" 
ZLO= 35- 


Ly = Ze = 55° 


To find the measure of the third 
angle, use the facts that the measure 
of a right angle is 90° and the sum of 
the measures of the interior angles of 
a triangle is 180°. Write an equation 
using x to represent the measure of 
the third angle. Solve the equation 
for x: 


x + 90° + 34° =" 180° 
x + 124° = 180° 
200, 


The measure of the third angle is 56°. 


To find the perimeter, use the formula 
for the perimeter of a square. 
Substitute 60 for s and solve for P. 


P=4s 
P = 4(60) 
P= 240 


The perimeter’ of the infield is 240 ft. 


To find the perimeter, use the formula 
for the perimeter of a rectangle. 


Substitute 11 for L and 85 for W 
and solve for P. 
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Solution 


You Try It 3 
Strategy 


Solution 


You Try It 4 
Strategy 


Solution 


You Try It 5 
Strategy 


Solution 


P=2L-+ 2W 

p= 211) +2(85) 
p= 201) +2(Z) 
P= 22 17 

‘P= 39 


The perimeter of a standard piece of 
typing paper is 39 in. 


To find the circumference, use the 
circumference formula that involves 
the diameter. Leave the answer in 
terms of 7. 


Grad. 
C = 7(9) 
C=9n7 


The circumference is 97 in. 


To find the number of rolls of 
wallpaper to be purchased: 
© Use the formula for the area of 
a rectangle to find the area of 
one wall. 
® Multiply the area of one wall by the 
number of walls to be covered (2). 
® Divide the area of wall to be 
covered by the area that one roll 
of wallpaper will cover (30). 


A = LW 
A=12-8=96 Thearea of one wall 
is 96 ft?. 

The area of the two 
walls is 192 ft?. 


2(96) = 192 


192 + 30 =6.4 


Because a portion of a seventh roll is 
needed, 7 rolls of wallpaper should be 
purchased. 


To find the area, use the formula for 
the area of a circle. An approximation 
is asked for; use the 7 key ona 
calculator. r = 11. 


A= ar? 

A =a (ll) 
A= 1210 
A = 380.13 


The area is approximately 
380.13 cm’. 


SECTION 3.3 


You Try It 1 
Strategy 


Solution 


You Try It 2 
Strategy 


Solution 


You Try It 3 
Strategy 


Solution 


You Try It 4 
Strategy 


Solutions to You Try It $9 


To find the volume, use the formula 
for the volume of a cube. s = 2.5. 
V=s2 

V € (2.5)3 = 15.625 


The volume of the cube is 15.625 m?. 


To find the volume: 

e Find the radius of the base of the 
cylinder. d = 8. 

® Use the formula for the volume of a 
cylinder. Leave the answer in terms 
of 7m. 





1 1 
r 54 5 (8) 4 


V = arth = w(4)2(22) = 7(16)(22) 
= 3527 


The volume of the cylinder is 
3527.1 


To find the surface area of the 

cylinder: 

e Find the radius of the base of the 
cylinder. d = 6. 

© Use the formula for the surface area 
of a cylinder. An approximation is 
asked for; use the 7 key ona 
calculator. 


1 1 
oe Ce eee 


SA = 2ar? + 2arh 

SA = 27(3)? + 277(3)(8) 
SA = 27(9) + 277(3)(8) 
SA = 187+ 487 

SA = 667 

SA = 207.35 


The surface area of the cylinder is 
approximately 207.35 ft?. 


To find which solid has the larger 

surface area: 

© Use the formula for the surface area 
of a cube to find the surface area of 
the cube. s = 10. 

e Find the radius of the sphere. d = 8. 








S10 


Solution 


Chapter 4 


* Use the formula for the surface area 
of a sphere to find the surface area 
of the sphere. Because this number 
is to be compared to another 
number, use the 7 key ona 
calculator to approximate the 
surface area. 

* Compare the two numbers. 

SA = 6s? 

SA = 6(10)? = 6(100) = 600 

The surface area of the cube is 
600 cm?. 


mn 
j 
SA = 4ar? 


SA = 47r(4)2 = 477(16) = 647 = 201.06 
The surface area of the sphere 
is approximately 201.06 cm?. 


600 > 201.06 


1 
r=5d=5()=4 


The cube has a larger surface area 
than the sphere. 


GG Solutions to Chapter 4 “You Try It” 


SECTION 4.1 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 





The coordinates of A are (4, —2). 
The coordinates of B are (—2, 4). 
The abscissa of D is 0. 
The ordinate of C is 0. 


x-3y=-14 
—2 — 3(4) | -14 
=—2 — 12) 14 
—-14=-14 


Yes, (—2, 4) is a solution of 
L— 3y = 14, 


Replace x by —2 and solve for y. 


Be) ee 
Ce She ann > eee 





The ordered-pair solution is (—2, 6). 


You Try It 5 








You Try It 6 


Strategy To draw a scatter diagram: 


° Draw a coordinate grid with the 
horizontal axis representing the year 
and the vertical axis representing 
the software rental market, in 
billions of dollars. 

° Graph the ordered pairs (1999, 1), 
(2000, 2), (2001, 4), (2002, 7), and 
(2003, 11). 


Solution Di 





Market (in billions 
of dollars) 
ONADC 


; 0G 
‘99’ 00) "02 102" "9, 
Year 
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SECTION 4.2 You Try It 3 
You Try It1_. Domain: {—1, 3, 4, 6} 
Range: {5} 
You Try It 2 m G(x) = ts 
bes 2 
3(-—4 =a 
ee i eo Bie Als You Try It 4 
Ave, ag 


You Try It 3 f(%) =x? = 11 
f(3h) = (Bh)? - 11 
= 9h? — 11 


YouTry!lt4 h(z) =3z+1 
nO) =3(0) + 1=1 


1 1 

h\=| =3\=)+1= 

(5) 3] 7 You Try It 5 
2 2 

n(3) = 3(3) al 3 

h(1) = 301) +1 = 4 

The range is {1, 2, 3, 4}. 


2 
a) 


For x = 5, f(5) = =~ =, which is 





You Try!lt5 f(x)= 


not a real number. 


5 is excluded from the domain of the 
function. 


You Try It 6 
SECTION 4.3 


You Try It 1 


You Try It 7 


You Try It 2 





Solutions to You Try It S11 





x-intercept: x — 4y = —4 


x — 4(0) = —4 
x=-4 
(—4, 0) 
y-intercept: x — 4y = —4 
0-4y = -4 
—4y = —4 
y=1 
(0, 1) 











R 
& 
fs} 
3) 
4 
=| 
S 
ae 
A) 
o 
q 


0 10 20 30 40 
Stride (in inches) 
The ordered pair (32, 74) means that 
a person with a stride of 32 in. is 
74 in. tall. 





$12 Chapter 4 


SECTION 4.4 
You Try It 1 Let Py = 4,3) and P= 27 7): 
ni ye ee LU 
St, — Bea Daa =P) 


The slope is —5; 





You Trylt2 Let P, = (6, —1) and P, = (, 7). 
Eset Pal ee) yen, 
Division by zero is not defined. 
The slope of the line is undefined. 
You Try It 3 at 
55,000 — 25,000 5 
2 a ee eee | 
zy, = 5 sg 2 AO |- 
_ 30,000 = 20} 
=e, oe ce ar uae aa a) 
a 10,000 Age (in years) 


A slope of — 10,000 means that the value of the 
printing press is decreasing by $10,000 per year. 








YouTryit4 y-intercept = (0, b) = (0, —1) 
1 
arenes 
You Try!t5 Solve the equation for y. 
x-2’=4 
—ly=-x+4 
1 
Ve oe ee 
y-intercept = (0, b) = (0, —2) 
1 
Say: 





SECTION 4.5 
1 
You Try It 1 m = wry (x1) HICSS, —2) 


Vy tL eee 
yj -sIx =if23)] 


1 
yea er) 


1 
yr oS ey 1 





1 
yo tae =| =2 
y= -5x mad) 
The equation of the line is 
y= —$x io: 
YouTryit2 m=-3 (x,,y,) = (©, —3) 
YF, == 27 
y > (3) Sea) 
y +3 = —3(x — 4) 
yt+3=-3x412 
y=" 34 12 3 
By eet rae) 
The equation of the line is 
y= —-3x + 9. 
You Try it3 = Let (,, y,) = (2, 0) and 
Ge, Y>) = G, 3): 
wet apes 3S 
Moe Ng GD ne omens 
Y > Vy Se) 
y — Oi = 2) 
Yeates) 
Be eo I: 
The equation of the line is y = x — 2. 
You Try It 4 ~— Let (x,, y,) = (2, 3) and 


Gs, V2) = (<5, 3). 
pe et 33 a 


WH = = 
Xy— xX 








The line has zero slope. 


The line is a horizontal line. 


All points on the line have an ordinate 
of 3. 


The equation of the line is y = 3. 
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You Try It 5 
Strategy 


Solution 


e To find a linear equation that 
models the number of trucks that 
would be sold: 

Let y represent the number of trucks 
that would be sold. 


‘, Then y = 40,000 when x = 18,000, 


and y = 44,000 when x = 17,500. 
Find the slope of the line through 
the points (18,000, 40,000) and 
(17,500, 44,000). 

Use the point-slope formula to write 
the linear equation. 

e To find the number of trucks that 
would be sold at a price of $16,500, 
substitute 16,500 for x in the 
equation and solve for y. 


(x,,»,) = (18,000, 40,000) 
(x5, y>) = (17,500, 44,000) 


_ 44,000 — 40,000 4000 _ 


” 17,500 — 18,000 —500 


yer yy = mx — x,) 
y — 40,000 = —8( — 18,000) 
y — 40,000 = —8x + 144,000 
y = —8x + 184,000 


A linear equation that models the 
number of trucks that would be sold 
is y = —8x + 184,000. 


y = —8x + 184,000 

y = —8(16,500) + 184,000 
y = —132,000 + 184,000 
y = 52,000 


At a price of $16,500, 52,000 trucks 
would be sold. 


SECTION 4.6 


You Try It 1 


You Try It 2 





No, the lines are not perpendicular. 


5x + 2y=2 
Dy Bier ad. 


y= Sx 


You Try It 3 


SECTION 4.7 


You Try It 1 


Solutions to You Try It $13 


el 
: 2 
5x + 2y = - 
2 = — 5% — 6 
3} 
Virdee so 
Mews 
4 2 


Yes, the lines are parallel. 


Yaa yo hag 
oil 

ie 4 

m,-m,=—1 

1 — 

oR AG 
m,=—4 


yy = m& — x) 
y —2=—4[x — (-2)] 
y—2=—-4(& + 2) 
VD ae 


y= —4x -6 
The equation of the line is 
y = —4x — 6. 
Li SV ee 
San kice wis HxXun 2 
ee ae ena a4 
Ey eg eet le 
=) —=3 
UG Ge 
13 sae 3 





$14 Chapter 5 


& Solutions to Chapter 5 “You Try It” 


SECTION 5.1 Substitute the value of x into 
Equation (1). 
You Try It 1 3x —y =3 
1 

lee 
PS 4A 

=, As om 

yo a) 





The solution is (—1, 2). rhe eolatonce ( i. oe 2) 
3u i 








You Try It 2 
You Try It 5 (1) =a 3 
(2) Spans Ayia 5 
2x —4y=5 
2kiewAl2 se aa) a5 
2a OA te eee 
The lines are parallel and therefore do Bafa Ore iy gta 
not intersect. The system of equations yee LE 
has no solution. The system of Ee 7 
equations is inconsistent. 1S ae ee 6 
You Try It 3 Substitute the value of x into 
Equation (1). 
ye lya 3 
7 
= Der hers 
if ) 
Vl 
tel? 
The two equations represent the same 5 
line. The system of equations is y= -= 
dependent. The solutions are the 3 


ordered pairs (x, ox = 3). 5). 
You Try It 4 (GD ees ees) 
(2) 6x + 3y = -—4 


Solve Equation (1) for y. 
3X = y= 53, 
Se Rea eee) 
Sees = 8) 





Substitute into Equation (2). 


6x + 3y = —4 You Try It 6 CDN 62 Byl-a5 
6x14 33x =) 3) 4 (2) 2x-y=2 
6x + 9x —9 = —4 
tS ce Ot 4 Solve Equation (2) for y. 
15x =5 2x-y=2 
eee —y=-2x+2 
3 y=2x-2 
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Substitute into Equation (1). 


6x — 3y.= 6 

Ore 8B (2k =- 2 p=6 
OeeOx Ol — 6 
6 = 6 


The system of equations is 
dependent. The solutions are the 


ordered ‘pairs (x, 2% - 2). You Try It 3 








SECTION 5.2 


You Try It 1 


You Try It 2 


(1) 2x + 5y=6 

CQ 326x242 
Write Equation (2) in the form 
Ax + By =C. 

3y vy = 6x 2 
at 2) — 2 
Solve the system: 2x + 5y =6 
aaax = 2y = 2 
Eliminate y. 

2(2x + 5y) = 2(6) 
5 (= 3a 2y) = 22) 


4x + 10y = 12 
—15% — 107 =10 
Add the equations. 
—11x = 22 
x=-2 
Replace x in Equation (1). 
Ler Sy = 6 
2(-—2) + 5y =6 
-4+ 5y=6 
5y = 10 
YS 
The solution is (—2, 2). 
2x+y=5 
4x + 2y =6 
Eliminate y. 


—2(2x + y) = —2(5) 
4x + 2y = 6 


You Try It 1 
pe 


—4x — 2y = —10 
4x + 2y =6 


—4 


a sO 


Solutions to You Try It $15 


Add the equations. 


Ox + Oy = —4 
0=-4 


This is not a true equation. 
The system is inconsistent and 
therefore has no solution. 


CD) Tia? a Zi 6 
2) 243yie Zeal 
(EEA ae OST ae eb) 
Eliminate z. Add Equations 
(1) and (2). 
Game te 

DX eiroy = % 
(4) Bret Ly 
Multiply Equation (2) by 2 and 
add to Equation (3). 


II 
Ne Oo 


4x + 6y — 2z=2 

x Ly + 2Z'— 5 

(5) 5x + 8y =7 
Solve the system of two equations. 


(4) 3x + 2y =7 
(5) 54 + 8y=7 
Multiply Equation (4) by —4 and 
add to Equation (5). 
=12x¥ = 8y = =28 
5x + 8y =7 
=(Xee —2 
x=3 
Replace x by 3 in Equation (4). 
3x ey = 7 
33) 4 2y = 
9+2y=7 
2y = -2 
gent 
Replace x by 3 and y by —1 in 
Equation (1). 
Sts ie eta A) 
Sheen (ai ie chia Ms) 
4+z=6 
=2 


The solution is (3, —1, 2). 


SECTION 5.3 


| fi) = 864) =54 12 = 17 


The value of the determinant is 17. 





S16 Chapter 5 


Expand by cofactors of the first row. 
1 4 =2 
5 1 1 
One 2 2 

dhl Bll 
at Aaa 4 2 
ail (2 22) — 46 = 0) 26 — 0) 
=4 = 24-912 
=-8 


You Try It 2 


a fe BP a rena ed 








The value of the determinant is —8. 


You Try It 3 





=3(12—-2)2(3 +4) + 0 
= 3(10) + 2(7) 

= 30+ 14 

= 44 


The value of the determinant is 44. 


You Try It 4 3x -y =4 
6% = 2y =)5 
ch eal 


p=|2 =) 


= -0+6=0 

Dee ; 
Because D = 0, > is undefined. 
Therefore, the system of equations 
is dependent or inconsistent. 


It is not possible to solve this system 
by using Cramer’s Rule. 


You Try It 5 2xX=y +2 = 
Beye 
Miche ate Zam ia), 
P51 | 1 
D=)|3 2 
1 3 1 


2k celia 
Daag = -42 
1 3 .=—2 
SD ae. ae 
4:= iD aa nee 
Dyae® 3 gioish 
A Meta ae a 6 
Di eee tu 
Lee on 2 
3. as 
The solution is (3, 1-2). 


SECTION 5.4 


You Try It 1 
Strategy 


Solution 


You Try It 2 
Strategy 


* Rate of the rowing team in calm 
water: t 
Rate of the current: c 





® The distance traveled with the 
current is 18 mi. 
The distance traveled against 
the current is 10 mi. 


1 1 
2 + ch — 18 5 ee +c) = 18 
2(t —c) = 10 a5 ae 10 
te) = 5 (t al os 
t+c=9 
t= Ce=s5 
2t = 14 
Le 
PEO 
7+c=9 
c=2 


The rate of the rowing team in calm 
water is 7 mph. 


The rate of the current is 2 mph. 


Te *e 
‘ 


e Amount invested at 8%: x 
Amount invested at 7%: y 
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e The total amount invested was 


$15,000. 
The total amount of interest earned 
was $1170. 

Solution x+y = 15,000 


0.08x + 0.07y = 1170 


=8x = 8y = —120,000 
8x + 7y = 117,000 


~y = —3000 
y = 3000 
x + y = 15,000 
x + 3000 = 15,000 
x = 12,000 
$12,000 was invested in the 8% 
account. 
$3000 was invested in the 7% 
account. 


SECTION 5.5 


You Try It 1 
Shade above the dashed line y = —3x. 


The solution set of the system is the 
intersection of the solution sets of the 
individual inequalities. 

















Shade above the solid line y = 2x — 3. 


Solutions to You Try It $17 


YouTryit2 3x +4y> 12 
Ay > —3x + 12 
y>-ixt3 


Shade above the dashed line y = — ox ie ae 


Shade below the dashed line y = x =a) 


The solution set of the system is the 
intersection of the solution sets of the _ 
individual inequalities. 





© Solutions to Chapter 6 “You Try It” 


SECTION 6.1 


You Try It 1 

(—3a2b*)(—2ab3)4 = (—3a?b4)[(—2)4a4b 7] 
= (—3a?b*)(16a*b!*) 
= —48q°p'6 


(y=)? = ya = ye 


You Try It 2 


You TryIt3 —_[(ab3)3]4 = [a2b9}* = a'?b*° 


let 20r bk = SE- 
You Try It 6p cee 


Ake Spat G2)577 =e 
4-4 
Srs? 
4t° 
Qa 114-4 
6-24 %y4 
971620 2 


nihee ee 
You Try It Cee valiae 


$18 Chapter 6 


qt! 


qnt3 


You Try It 6 





You Try It7 942,000,000 = 9.42 x 108 
You Try It8 2.7 x 10->> = 0.000027 


5,600,000 x 0.000000081 
900 X 0.000000028 
5.60010" oul o< 10° 
~ 9X 102 X 2.8 X 10-8 
1 (.6)(Sa a0 
a (9)(2.8) 
= 1.8 X 10% =" 118,000 


You Try It 9 


You Try It 10 


Strategy To find the number of arithmetic 
operations: 

® Find the reciprocal of 1 x 10-7, 
which is the number of operations 
performed in one second. 

° Write the number of seconds in 
one minute (60) in scientific 
notation. 

* Multiply the number of arithmetic 
operations per second by the 
number of seconds in one minute. 


Solution ————~ = 10’ 


60 = 6 xX 10 
OP SOR <all0 G68 al 03 


The computer can perform 6 X 108 
operations in one minute. 


SECTION 6.2 


You Trylt1 = R(x) = —2x4 — 5x3 + 2x — 8 
R(2) = —2(2)4 — 5(2)3 + 2(2) - 8 

—2(16) — 5(8) + 2(2) — 8 

—32 -40+4-8 

= —76 


ll 


ll 


ll 


You Try!lt2 The leading coefficient is —3, the 


constant term is —12, and the degree 
is 4. 


You Try !t3 a. This is a polynomial function. 
b. This is not a polynomial function. 
A polynomial function does not 
have a variable expression raised 
to a negative power. 


= q2nt1—-(n+3) — qenti-n-3 = qn-2 


c. This is not a polynomial function. 
A polynomial function does not 
have a variable expression within 
a radical. 


You Try It 4 





You Try It 5 





You Try it6 —3x2?- 4*+ 9 
5x2 1d 
sisi = Ieee on kG) 





You Try It 7 —_ Add the additive inverse of 
6x? + 3x — 7 to —5x2 + 2x — 3. 
5x? +2 
=6%2" ee 
=1lk? See 


You Try It 8 

S(x) = P(x) + R@) 
= (4x? — 3x? + 2) + (—242 + 2x = 3) 
ANY ON eel 


S(-1) = 4(-1)3 — 5(-1)? + 2(-1) - 1 
= 4(-1) — 5(1) + 2(-1) - 1 
=-4-5-2-1 
= -12 


You Try It 9 
D(x) = P@&) — R(x) 


D(x) = (Sx?" — 3x" — 7) — (—2x2" — 5x" + 8) 
= (52" — 3x — 7) bh (Que + 5x7 — 8) 
= 7x2" + 2x" — 15 


SECTION 6.3 
You Try It 1 (—2y + 3)(—4y) = 8y? — 12y 


You Try It2.) —q@2(3q2 + 2g — 7) = —3a4 — 2a3 + 7a2 
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You Try It 3 Dye Dy sia 2) 
Sy oa 
292 me Dye fa) 
6y* + 6y3 — 9y 
6y4 + 4y3 — 2y2 — Dy + 3 
You Try It 4 
(4y — 5)(2y — 3) = 8y? — 12y — 10y + 15 
= 8y? — 22y + 15 
You Try It 5 
(3b + 2)(3b — 5) = 9b? — 15b + 6b — 10 
= 9b? — 9b — 10 
You Try !It6 (2a + 5c)(2a — 5c) = 4a2 — 25c? 
You Try !t7 = (3x + 2y)? = 9x? + 12xy + 4y2 
You Try It 8 
Strategy To find the area, replace the variables 


b and h in the equation A = : bh by 


the given values and solve for A. 


Solution A= shh 


A =F + 6)(x — 4) 


A=(x + 3) — 4) 
A =x? —4x + 3x -— 12 
Aer S12 


The area is (x2 — x — 12) ft?. 


SECTION 6.4 
You Try It 1 pe ail 
3x + 4)15x2 + 17x — 20 
15x27 20% 
=x — 20 
ok ae 4 
© 
2 = 16 
LS xr 7a 20% 54 





3x + 4 374 


Solutions to You Try It $19 


You Try It 2 
x* + 3x -1 
3x — 1)3x3 + 8x2 — 6x +2 
3x3 -— x? 
9x? — 6x 
9x2 — 3x 
= she ap 7) 
=> Bye se il 


1 


3x? + 8x? — 6x +2 ae 3 ie 1 
ort Sas eeey _ 
a 1 a Berea 





You Try It 3 
Bye eel 


x2 — 3x + 2)3x4 — 11x3 + 16x? — 16x + 8 
3x4 — 9x3+ 6x2 
— 2x3+ 10x2 — 16x 
Se 2X ee ON re 
4x2 — 12x + 8 
4x? — 12x + 8 
0 
es cat 2 + 
3x rice SP it any 


You Try It 4 


a2, |¢6 5) 
72 


Ga 43 





24 8x —5)+(x+2)=6x-4+4+ 
(6x 8x — 5) + oS 2) SIRE ee 


PA ee Sa Wy Ns 16 

ig 24 = 24 

Ge PSY ate) 
(Sx 12x42 e484 16) = = 2) 


You Try It 5 


8 
= 5x2 — 2x — 12 — —— 
Dx Dse = Il aS) 


37] Oe = Wee Re Ua 2 
On, On 9 
, 3 lhe 7 
Qx4 = 3x3 — 8x? = 2) = &ea3) 


You Try It 6 





See ree as pet 
Es 
Ox e2ecsy . U 7 
PO So eee Z 
ell oe oe 
P(=3) = S92 


You Try It 7 








$20 Chapter 7 


Ge Solutions to Chapter 7 “You Try It” 


SECTION 7.1 


You Try It 1 
The GCF is 7a?. 


14a2 — 21a*b = 7a2(2) + 7a2(—3a*b) 
= 7a?(2 — 3a*b) 


You Try It 2 
The GCF is 9. 


27b? + 18b + 9 = 9(3b2) + 9(2b) + 9(1) 
= 9(3b? + 2b + 1) 


You Try It 3 
the GCris 3x47. 


Oxy = OxeyF ays 
Sok) (202 aX) ok) te Saye 4y2) 
= 3x"y2(2x* = 34 4 4y*) 


You Try It 4 
The GCF is a?. 


qnt4 th az = a2(a"*2) ah a?(1) 
= a*(qa"*? + 1) 
Moulin 5: = 2y(540—-72) = 3(2,.— 5x) 
= 2y(5x — 2) + 3(5x — 2) 
= (5x — 2)(2y + 3) 


You Try It6 a* — 3a + 2ab — 6b 

(a* — 3a) + (2ab — 6b) 
a(a — 3) + 2b(a — 3) 
= (a — 3)(a + 2b) 


You Try It 7 

2mn? —n + 8mn — 4 = (2mn? — n) + (8mn — 4) 
= n(2mn — 1) + 4(2mn — 1) 
= (2mn — 1)(n + 4) 


You Try It 8 Bey — Jy 124 Ay 
= (3xy — 6y) — (12 — 4x) 
= 3y(xe— 3)'— 46 x) 
= 3y(x — 3) + 4 — 3) 
= (x — 3)Gy + 4) 

SECTION 7.2 

You Try It 1 

Factors Sum e Find the positive 

1, 20 21 factors of 20 

2, 10 12 whose sum is 9. 

4,5 9 


x? + 9x + 20 = (x + 4)(x + 5) 


You Try It 2 

Factors Sum e Find the factors 
+1, =18 17 of —18 whose 
={ +18 i sum is 7. 

ap, = Y =] 

254-9 a 

ara, = 3) aS 

= 8 aH a3 


x? + 7x — 18 = + 9)G = 2) 


You Try It 3 
The GCF is —2x. 


—2x3 + 14x — 12% = —2x(4? — Tx + 6) 


Factor the trinomial x? — 7x + 6. Find two 
negative factors of 6 whose sum is —7. 


Factors Sum 
6 =| 
—2, —3 —5 


—2x3 + 14x? = 128 = —2x — 6G — 4) 


You Try It 4 
The GCFxs 3. 


3x? — Oxy — 12y? = 3(x2 — 3xy — 4y2) 


Factor the trinomial. Find the factors of —4 whose 
sum is —3. 


Factors Sum 
+1, —4 =) 
—1, +4 3 
+2, —2 0 


3x? — Oxy — 12y? = 3(x + y)(x — 4y) 


SECTION 7.3 


You Try It 1 
Factor the trinomial 2x2 — x — 3. 


Positive Factors of —3: 1, —3 
factors of 2212 =i, 3 
Trial Factors Middle Term 

(x + 1)@x — 3) —3x + 2x = —x 

= 3)(2%-4 1) x —- 6% = —5x 

(x — 1)(2x + 3) 36 ie 

(x + 3)(2x — 1) tet 6x = 5x 


2x? —~ x — 3 =(@ + 1)(2x =3) 
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You Try It 2 
The GCF is —3y. 


—45y3 + 12y? + 12y = —3y(15y?2 — 4y — 4) 


Factor the trinomial 15y? — 4y — 4. 


Positive 
factors of 15: 1, 15 
3,5 


Trial Factors 


(y + 1)(15y — 4) 
(y — 4)(15y + 1) 
(y — 1)(5y + 4) 
(y + 4)(15y — 1) 
(Vari2)(isy =2) 
(ye 2) (Sy +2) 
(3y + 1)(Sy — 4) 
(3y — 4)(5y + 1) 
(OVE 1 )(Syi-+ 4) 
(3y + 4)(Sy — 1) 
ye 2)Sy = 2) 
yie-2 hoy?) 


Factors of —4: 1, 
ale 
2; 
Middle Term 
—4y + 15y = 1ly 
y — 60y = —59y 
4y —- 15y = -lly 
—y + 60y = 59y 
—2y + 30y = 28y 
2y — 30y = —28y 
=—l2y + Sy = — Ty 
ay — 20y =)—-17y 


12y — 5y = Ty 
—3y + 20y = 17y 
—6y + 10y = 4y 


6y — 10y = —4y 


Say rei + i2y = —3sy(3y— 2)(Sy.+ 2) 


You Try It 3 
Factors of —14 [2(—7)] 
tes tok 
a 4 
Den ah 
os VT 


Sum 
—13 
13 
—5 
5 


2a2 + 13a — 7 = 2a*-—a+ 14a -—7 
= (2a? — a) + (14a — 7) 
=al(2a — 1) + 7(2a — I) 
= (2a — 1)(a + 7) 


2a2 + 13a — 7 = (2a — 1)(a + 7) 


You Try It 4 
The GCF is 5x. 


15x3 + 40x2 — 80x = 5x(3x2 + 8x — 16) 


Factors of —48 [3(—16)] 


1, —48 
=i 48 
puns 
= 24 
B16 
Zh 16 
Apel? 
ae oat 


Sum 


—47 
47 
cay aps 
Daye 
ea) 
13 
ats, 
8 


3x2 + 8x — 16 = 3x? — 4x + 12x — 16 


II 


(3x2 — 4x) + (12x — 16) 


= x(3x — 4) + 4(3x — 4) 
= (3x — 4)(x + 4) 


-4 


Solutions to You Try It $21 


15x> + 40x? — 80x = 5x(3x2 + 8x — 16) 
= 5x(3x — 4)(x + 4) 


SECTION 7.4 


You Try It 1 x? — 36y* = x? — (6y?)? 


=) (Aa Oye) (xe sy) 


You Try!t2 9x? + 12x + 4 = (x + 2) 

You Tryilt3  (a+b)* —(a-—b/ 
=[a+b)+@-Dbd)]la+b)—-G@-)d)] 
=(a@+tb+a—b\a+b—a- db) 
= (2a)(2b) = 4ab 

You Try it 4 


Sa yz? = (2x)? a (yz)” 
= (2x + yz)(4x* ee 2eyz + yz") 


You Try It 5 

Goya oy) 

=[@-y)+@+y)I@-y? —@—y)e ty) t+ & +yVP) 
= 2[x2 — 2ey Sy? — G2 = 97) er x? 2 oy] 

= 2X eoky ye = ke ty ky ey) 

=tox (ce -- Gy") 


You Try It 6 

Let u = xy. 

Oxy? 8 19x 10" Ouse — 190710 
=A 2 => )(3 — 2) 
= (2xy — 5)(3xy — 2) 


You Try It 7 

Metres 

3x4 + 4x? — 4 = 3u?2 + 4u — 4 
= (u + 2)(3u =:2) 
= (2-2 3x5 2) 


You Try It 8 
Let u = a2b?. 
atb4 + 6a2b? — 7 = u2 + 6u —7 
=(u + 7)(u — 1) 
= (a2b2 + 7)(a2b? — 1) 
You Try It 9 


18x3 — 6x2 — 60x = 6x(3x2 — x — 10) 
= 6x(34 + 5)(x —.2) 


You Try It10 4x — 4y — x3 + x*y 
= (4x — 4y) — (x3 — xy) 
= A(x —y) = x4e— y) 
(x ty) (Ae?) 
= (i whe + 2a) 





$22 Chapter 8 


You Try It 11 
xan = Be yee = x2nt2n sz Seay at 


= 2M (x2n — yen) 
KG )2 —_ ye) | 
x2n(xn aL wy) (xe = Vo) 


Solution 


You Try It 12 
ax> — ax = ax2(x3 — yS) 
= axr(x — y*)(x? + xy? + y4) 


SECTION 7.5 


You Try It 1 

Bin T= 0 

2x = 0 x+7=0 
x=0 x=-7 


The solutions are 0 and —7. 


You Try It 2 
4x2 -9=0 You Try It 5 
Cx 3) 213) = 0 Strategy 
24 3I= 0 2k +3 =0 
2x = 3 2x = —3 
me ae 
2 2 Solution 


: 3 3 
The solutions are 5 and — a 


You Try It 3 
eet.) Xe 7 Jee 52. 
Ce Ke LA 52 
i= 5x — 66 =.0 


(00) (pet 10) 
x46 =10 g= ll=@ 
x=-6 x=11 


The solutions are —6 and 11. 


You Try It 4 


Strategy First positive consecutive integer: n 
Second positive consecutive 
INtegersripal 


o Solutions to Chapter 8 “You Try It” 


SECTION 8.1 You Try It 2 


at 
ae ee er ee 


You Try It 1 = 
if 12672) 20d Fey? wy? 
1 1 


16 — x? 


The sum of the squares of the two 
positive consecutive integers is 61. 


n?+(n+ 1)? = 61 
n2+n2+2n+1=6l 
2n?+2n+1=61 
2n? + 2n — 60 = 0 
2(n2 +n — 30) = 0 
n? +n —30=0 

(n —5)\(n + 6)=0 


noe 0) .n+6=0 
n=5 n= —6 


Because —6 is not a positive integer, 
it is not a solution. 


n=5 
n+1=5+1=6 


The two integers are 5 and 6. 


Width = x 
Length = 2x + 4 


The area of the rectangle is 96 in?. 
Use the equation A = L: W. 


A=L:-W 
96 = (2x + 4)x 
96 = 2x2 + 4x 


O = 2x2 + 4x -— 96 
O = 2(x2 + 2x — 48) 
O = x2 + 2x — 48 
O = (x + 8)(x — 6) 


a On) co On—a) 
x=-8 x = 6 
Because the width cannot be a 


negative number, —8 is not a 
solution. 


x=6 
2x+4=2(6)+4=124+4= 16 


The width is 6 in. 
The length is 16 in. 


ey 
\ 


1 


xO 2 240 ee oe ae (x—4)(x + 6) 





16) ~ G—aG +4 
1 
Lh Sho 
x+4 
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1 
x?>+4x-12  (4—2)(x + 6) 





You Try it 3 5 = 
Re hee (Xk) | le 2) 
1 
_xt6 
5a Il 
You Try It 4 


12x? + 3x Bex gle or ane 1) AQe 3} 








10,— 15 925-418 5x =——3)) 9(x + 2) 
1 1 
meaxnarer ees” 204-—3) 


— 5(2x—3) - - 3(x + 2) 
1 1 


_ 4x(4x + 1) 
15(x + 2) 
You Try It 5 
Meee lo ek ax. 18 
9 — x? x? — 7x + 6 


Pe Sa +5) & + 3)@ = 6) 
(aero ee) (xs 1) 6) 


=a! 1 1 
_ 3x + SS) 3S) _ x +5 
GCG xjG--x\ (ie 1a-—by ~ x— 1 

1 1 1 





You Try It 6 


a’ a ae poe = 3b" 





Abc? — 2b2c | 6bc — 3b? ” Abe? = 2b2c a 


1 
a?-3be—b) _ 3a 





~ 2bcQe—by-a 2c 
1 
You Try It 7 
Dea Oma Oe) 82x29 5 
87 — 7x = 6 x27 4+2x— 15 
3x2-+ 26x +16 x*%+ 2x -15 





Byes = 6 0 - Oxve-5 


1 1 1 
a) ye a), et 8 
ae 7 ee — NGS) 2x — 1 

1 1 1 





SECTION 8.2 

You Try It 1 

Se = Do DSP Nove y 

IQ Wa— eee One VV) 

LCM =2:2-2:3-u-v-v-w= 24uv-w 
You Try It 2 m2 — 6m + 9 = (m — 3)(m — 3) 


We = 2m 3 = (m+ 1)(m — 3) 
LCM =m — 3)Gn — 3)(m + 1) 


Solutions to You Try It $23 


You Try It 3 
The LCM is 36xy2z. 
SS RS 9k ke ele 
— Axy? 92 = 36xy2z 
Qe 1s 2x + ide 84x 
Qy2z(Oy’z Ax 








Axy? 








36xy7z 


You Try It 4 
The LCM is (x + 2)@ — 5)(@ +5) 


x + 4 = x+4 36 ae 5) 
x?—3x-10 (+2625), 045 
‘. Ox 4920 
(x + 2)(x — 5)(e + 5) 
2% x DG a! DEG x+2 
25=x2 —(x?—-25) (x—5\x+5) x+2 
a 2x? + Ax 
(ea -F 2) Ge — 5 PES) 














You Try it 5 SEE ut i 2 aS 
xy xy XY xy 
You Try It 6 
2x? 7x + 4 





x?—x—-12 x*-x-12 
ee eee 
x*—-—x-—12 x*-—x- 12 





1 

(Qe + a4} 2x +1 

i (c+ 3)\(e—4) x +3 
1 


You Try It 7 
x?-1 2x +1 x 

xe 8x +12 x? = Be 4012 wa? — 8x 4 12 
a) ee ee 
7 x? — 8x + 12 x? — 8x + 12 











1 

x? -x-2 Ca) el 

Fe Bele ek G6) 8 
1 











You Try It 8 

The LCM of the denominators is 24y. 
Li ELS eee GD ens Sine TS) 
Syeusye fay | Bye 3. sy Bay 50 


3z 32z € 30z 

24y 24y = 24y 

32 eae 3UZeeg 
24y 24y 
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You Try It 9 
2 = (ee) 
3 —3 
f = : 
Therefore, st 


The LCM is x — 2. 
Sy 3 5x = 3} 




















ig eae apa) ee) 
Se (= 3) oat 
Se ae 
You Try It 10 
The LCM is (3x — 1)(« + 4). 
4x 9 4x x+4 9 Char awl 
3x—-1 x+4 3e—-1 x+4 x44 3x-1 
4x? + 16x 27x -9 


~ Bx—-De+4) Gx-De+4) 
_ (4x? + 16x) — (27x — 9) 
(3x — 1)\@=+.4) 
4x* + 16x — 27x +9 
"Bx — DG + 4) 
4x? - 11x +9 
~ Gx — D& + 4) 
You Try It 11 
The LCM is x — 3. 
Lo ee ee 























YS reaS oY ted BP eh cant RM oe 
Bie =e 1 
Orey Se 
243 6 =i 
: Geet 6} 
Dg = 7 
ae 
You Try It 12 
The LCM is a(a — 5)(a + 5). 
“a= 8 “= & 
a®—5a a*—25 
Gao et a-9 a 


THEO a 3 GEG A 
IGS NE a8 SBCs) 

a(a — 5)(a + 5) 
_ (@ + 2a — 15) + (a? - 9a) 

a(a — 5)\(a + 5) 
_a’?+2a-15+a?—- 9a 

a(a — 5)(a + 5) 

2a* — 7a — 15 © 2g 3)G—5) 
a(a-5)(a+5) a(a-—5)(a+5) 


1 
_ Va 3G 2a + 3 
ala—Sj(a+5) ala+5) 
1 

















You Try It 13 
The LCM is (3x + 2)(@ — 1). 
Dg = 3 5 1 
3x2 =x = 2 Bx? ~ ee" 
Rm Mig = 8 JD. ghee 1 3x +2 
~ (x+2)x—-1) 3x+2 x-1 x-1 3x42 
2% 3 See = 5 Bye ae ZZ 


~ (3x +2)e%-1) (3x +2)@-1) (3x + 2) —- 1) 
_ (2% — 3) HIS* — 5) 7 Gx RZ) 
(3% + 2) — 1) 
2X 0=. 3. FO Xe= Som eee 
; (3x + 2)(@ — 1) 
" 4x — 10 x. 2(2%°— 5) 
(3%-+ 2) e = 1) T3428) 


























SECTION 8.3 
You Try It 1 
The LCM of 3, x, 9, and x? is 9x?. 
Lol peer tpg dn 
ee ee 
eee ao ore 
9 x? 9 x? qh eas 
1 
me 3xGe=-S)}he x 
x4 9" 563) ee 
1 
You Try It 2 
The LCM is x — 5. 
x +3 —-—— esis 
ae KES yk TIS 
xt+8+ +94 4 ie 
20 
a(~% = 5).43@ = 5) — -(x — 5) 


a So I) 
= 


1(<'=) 





x(x — 5) + 8(« — 5) + 
ge = 5) 


tte ee 30 lS 0 
x? = 5x + 8x — 40 + 30" 
_ #2 = 2x — 35 
x? + 3x — 10 


1 
5 et) el ee 
(x — 2)(x4+33 x-2 
1 
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SECTION 8.4 


You Try It 1 
x 
36. Se (0) 





1 


3 


1 
x(a+6) © x been O)0 73 


1 s+ 1 x 
1 1 
x2 = (x + 6)3 
x2-= 3x + 18 


Pease — 18 = 0 
(x + 3) -— 6) =0 


x+3=0 x-6=0 


x=-3 


x=6 


Both —3 and 6 check as solutions. 
The solutions are —3 and 6. 











You Try It 2 
Saanire 10 
x+2 ~  x+2 
(Ew) phate - 2 52)(3 - 10 
1 wer 2 1 eae 
1 1 
ae se = (x +23 - 7). 








Rees (x + 2)3°— 10 
eo Ole O. 


5x 
75% 
ae 


3x — 4 
—4 
—2 


—2 does not check as a solution. 
The equation has no solution. 


You Try It 3 


(utes) 520+ 5) 
1 


coer +5) 
1 





6 
ede 5) 





| 





The LCM is x(x + 6). 


The LCM is x + 2: 


10 
x+7 
1 


(x + 3)(5x + 5) 


—— etd 


(5x + 5)2 = (x + 3)6 
10x + 10 = 6x + 18 


4x + 10 = 18 
44 = 8 
x=2 


The solution is 2. 


Solutions to You Try It S25 


You Try It 4 


Strategy To find the area of triangle AOB: 
© Solve a proportion to find the length 
of AO (the height of triangle AOB). 
° Use the formula for the area of a 
triangle. AB is the base and AO is 


the height. 
Solution ee. = es 
AB AO 
Re Sy 
10 AO 
4 3 
10 pera! AO 
4(AO) = 30 
AO = 7.5 
1 
A == 
5 bh 
1 
= 3 (10)(7.5) 
== S/n) 


The area of triangle AOB is 37.5 cm?. 


You Try It 5 


Strategy To find the total area that 256 ceramic 
tiles will cover, write and solve a 
proportion, using x to represent the 
number of square feet that 256 tiles 


will cover. 
Sanit oo ee ee 
olution ie see 
9 XG 
256( =) = 256( 4 
144 =x 


A 144-square-foot area can be tiled 
using 256 ceramic tiles. 


You Try It 6 


Strategy To find the additional amount of 
medication required for a 200-pound 
adult, write and solve a proportion, 
using x to represent the additional 
medication. Then 3 + x is the 
total amount required for a 200- 
pound adult. 


S26 Chapter 8 

; 150 
Solution —- 

3 
50 

1 
Ge e)i.50 
150 + 50x 
50x 
Xs 








200 
=i ie 3) SP Be 
200 
= 50 
=] 





II 


One additional ounce is required for 
a 200-pound adult. 

















SECTION 8.5 
You Try It 1 A=P-+ Prt 
A-P=P-—P+4+ Prt 
Al Ps Prt 
hal a 
Pt Pi 
ee 
Pt 
ASL 
You Try It 2 s= 5 
Atay 
2 a) 
3 aca 
Ds = fi) SEL 
2s —~A=A—A tL 
25a Ae—ale, 
You Try It 3 s=at+(n-1)d 
s=at+nd-d 
S-a=a-at+nd-d 
s-a=nd-d 
S= a pd—nd—d +d 
s-a+d=nd 
Sard nd 
d d 
Seta al 
sara a 
You Try It 4 S=C+rc 
S=(1+)7rC 
Gh sale 
Il Siege Il ar 4 
S 
Teerere 


SECTION 8.6 


You Try It 1 
Strategy 





Solution 


You Try It 2 
Strategy 





Solution 


SECTION 8.7 


You Try It 1 
Strategy 


e Time for one printer to complete 
the job: t 


e The sum of the parts of the task 


completed must equal 1. 


Ze ae 
t t 
(242) =1-1 
if t 
2p 5) = ii 
7=t 


Working alone, one printer takes 7 h 
to print the payroll. 


° Rate sailing across the lake: r 
Rate sailing back: 3r 


e The total time for the trip was 2 h. 


6 6 
— + —= 
Yr 3r Z 
6 6 
= eee = 
3/(° :| 3r(2) 


6 ‘ 
3p 2g eee 
r 3r 


133-6 =. 6r 
24 = 6r 
4=r 


The rate across the lake was 4 km/h. 


To find the distance: ; 

e Write the basic direct variation 
equation, replace the variables by 
the given values, and solve for k. 
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Solution 


e Write the direct variation equation, You Try It 3 
replacing k by its value. Substitute 5 Strategy 
for t and solve for s. 

s = kt? 
64 = k(2)? 
64=k-4 

16=k 

s = 16? = 16(5)* = 400 

The object will fall 400 ft in 5 s. 

Solution 


You Try It 2 
Strategy 


Solution 


To find the resistance: 

e Write the basic inverse variation 
equation, replace the variables 
by the given values, and solve 
for k. 

e Write the inverse variation 
equation, replacing k by its value. 
Substitute 0.02 for d and solve 





for R. 
rh 
0.5 = nie 
arn ie 
0.00005 = k 
= ee = aoe 0425 


The resistance is 0.125 ohm. 


Solutions to You Try It $27 


To find the strength: 

e Write the basic combined variation 
equation, replace the variables by 
the given values, and solve for k. 

e Write the combined variation 
equation, replacing k by its value. 
Substitute 4 for w, 8 for d, and 16 
for L, and solve for s. 








ef: kwd? 
. 
_ k+ 2-12) 
1200 = 
eaeaaa 
1200 
1200 = 24k 
50 =k 
50wd2 50-4 -(8) 
; B 16 : 


The strength is 800 lb. 


= Solutions to Chapter 9 “You Try It” 


SECTION 9.1 


You Try It 1 


You Try It 2 


You Try It 3 


16-34 = (Wea ect 
= Vee 


bose gs You Try It 4 


(—81)3/4 
The base of the exponential expres- 
sion is negative, and the denominator 
of the exponent is a positive even 
number. 

Therefore, (—81)34 is not a real 
number. 


You Try It 5 


-2/3)-413 = x-ly- 9 
(x3/4y1/22-2/3)-4/3 = x ~ly 2/378) 


jo 


aye? 


24q-*h?\ 
= 





(el 


(2x3)34 = W(2x3)° 
= V3x° 


$28 Chapter 9 


You TryiIt6  —5a5/® = —5(q5)1/6 
= -5Va> 

You Try It 7 V/3ab = (3ab)"3 

You Try It 8 Wit + y4 = (x4 + y4)1/4 

You Tryit9 W—8x!4y3 = —2x4y 


You Try it10 —V8ix!y8 = —3x3y? 


SECTION 9.2 
YouTryIt? Wx? = Wx5- x2 


= V8 V2 
= V2 





You TryIt2 W/—64x8y!8 = W/(—4)3x8)18 
WV (4) xey 88 0/42 
— 44.258 W/o? 





ll 


You Try It 3 

3xy V81xey — VW/192x8y4 
= 3xyV27x3 W3x2y = W64x%y3 W3x2y 
= 3xy > 3x W3x2y — 4x?y W/3x2y 
= 9x V/3x2y — 4x°2yW/3x2y = 5x2 W3x2y 








You Try It 4 
V5b(V3b — V'10) 
=V15b2 — V50b 





=/15b2— 1/25 - 2b 
= Vb?V15 — V25V2b 





= bV15—-—5V2b 
You Try It 5 


ON e327 5) 
= 45> MON 2k — 3 e+ 15 
2/4x? — 13N/2x + 15 


You Try It 6 
(Va — 3Vy)\(Va + 3Vy) 
=(Va) - 3Vy)? 








SEL 
You Try It 7 
IS DT NB ING) NB Ny 
V3y V3y V3y (V3y)? 3y 3 














0% 
Vout it® Yar? Wax Vox V2ie 





You Try It 9 


34+V6. 34V6 24 V6U 6 3) 6 6 6 








P= V6 2 Veena 2? — (V6)? 
6+5V6+6_12+5V6__12+5V6 





4-6 cig Nace. 2 
SECTION 9.3 
You TryiIt1 V—45 =iV45 =iV9-5 = 3iV5 
You Try It 2 
V98 — V—60 = V98 — iV'60 
= VA9 DUVETS 
= 7V2 — 21V15 
You TryIt3 (—4 + 2i) — (6 — 8) = -10 + 103 
YouTryit4 (16 —V-—45) - (3 + V—20) 
= (16 —iV45) — (3 +iV20) 
= (16 —-iV9-5)-(3 + iV4-5) 
= (16 — 3iV5) — (3 + 2iV5) 
= 13-5iV5 
YouTrylt5 (3 — 2i)+(-3+2i)=0+0i=0 
You Try It6  (—3i)(—10i) = 30i2 = 30(-1) = —30 
You Try It 7 


—-V-=8-V—5 = -iV8 -iV5 = -12\/40 
= -(-1)V40 = V4- 10 = 2V/10 





You Try It 8 
—6i(3 + 4i) = -18i — 2472 
= —18i — 24(-1) = 24 - 18; 
You Try It 9 
V-3(V27 — V6) = iV3(V27 — iV6) 
=iV81 — i2V/18 
= iV81.- (-1)V9-2 
ee aD 
= 3V2 + 9 
You Try It 10 
(4 ="32) = 1) 98 4 ees 2 
= 8 — 101 + 372 
= 8 — 10i + 3(-1) 
= 510) 
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You Try It 11 


(3 + 6i)(3 — 61) = 32 + 6 
=9-+ 36 
= 45 


You Try It 12 

RS ele 2) 5 3 1 
3 -—i)|—+ =—+-—j —;? 
( (3 + —j i 














AO lei0elt0s 410" © 10 
Beas tot 
Sidvsiosie 16> 10 
o a4 
2 eae 8 
10. 10 
You Try It 13 
2-31 2-31 i 
Ai ee 
Wha 
Ae 
3G) 
4(-1) 
> Bie Fi 310 i 
=4 Ape 
You Try It 14 
Os) 7 6 45 4102 





eee ree 
- 6+19+10(-1)_ —4 + 19% 








3° +2? 








13 ig} 
4 19. 
SS ee 
13 13 
SECTION 9.4 
You Try It 1 
Wx —8 =3 Check 
7/28) — 3" Vx —8 =3 
x-8=81 nee 
x = 89 W/81| 3 
= 3 
The solution is 89. 
You Try It 2 
x—-Vx4+5=1 
Ve=ait Ve £5 
(Vx)? = (14+ Vx +5)’ 
x= 14+2Vxe4+54+x4+5 
O=6- 2V Gt SD 
= 65 Na) 
oi WA 
(—3)? = (Vx +5) 
9=x%+5 
4=x 


4 does not check as a solution. The equation 
has no solution. 


You Try It 3 
Strategy 


Solution 


You Try It 4 
Strategy 


Solution 


You Try It 5 
Strategy 


Solution 


Solutions to You Try It $29 


To find the diagonal, use the 
Pythagorean Theorem. One leg is the 
length of the rectangle. The second 
leg is the width of the rectangle. The 
hypotenuse is the diagonal of the 
rectangle. 

CG =a’ + be 

c= (6 + 3) 


c? = 36+ 9 
co —"45 
(c2)'2 = (45)12 
e=V45 
c =~ 6.7 


The diagonal is 6.7 cm. 


To find the height, replace d in the 
equation with the given value and 
solve for h. 


d=V15h 
Sev ree 
(5.5)? = (V1.5h)? 
30.2511 on 
20.17 ~h 


The periscope must be approximately 
20.17 ft above the water. 


To find the distance, replace the 
variables v and a in the equation by 
their given values and solve for s. 





v = V2as 
NS Ve 
88 = V44s 

(88)? = (V44s) 
7744 = 44s 
176s—'5 


The distance required is 176 ft. 


S30 Chapter 10 


@ Solutions to Chapter 10 “You Try It” 








SECTION 10.1 Complete the square. 
i Shee! 
You Try It 1 2x2 = 7x — 3 a ee 
2k? — 1x0 saa) (ue 23 
Zeal) Cen mS) an) = oe eet ae = 
( ) ) ;| 4 
2x-1=0 x-3=0 AY 5 
2x = 1 x= 3 NG ta a eae 
1 fe 4 
ames 1 WD 
k= SS See 
The soluti ‘and 3 : : 
t = 5 
e solutions are 5 an mele 3e cal ee 
Sala Mite oes > 2 
YouTry!t2 x? — 3ax — 4a? =0 mea Die 
(x + a)(x — 4a) = 0 7 a (ee 3 a 
x a= 0 Lesa 10 : 1+V2 1- v2 
: yale ait PD The solutions are —— and mt 
: The solutions are —a and 4a. 
: You Try It 2 
You Try It 3 Gia 7 =r) = 0 2x7 +x—-5=0 
1 24° + xk =H 
: (x — 3)}x - we =0 1 1 
= (247 are) Se 
1 2 2 
@—a(x+5)=0 1 5 
2 2 = 
2 2 
oe 3 
Se ee 0 Complete the square. 
1 1 5 1 
5 att fs 2 ate rg oe eee 
a(x? - 3x -3)=2-0 pee ON ie 
2503 = 0 Aol 
x+—-—|] =— 
4 16 
You Try It 4 1\2 = fay 
2(x + 1)? - 24=0 24 wars 
(x + 12 = 24 
(+1 = 12 ee ee 
V+ 1) = Vi2 | : 
x+1= +2V3 Figen) eka le! gee peal 
4 4 TOL a4 ve 
are 21/3 x+1=-2V3 ' ri : 
x=-1+2V3 x=-1-2V3 ee eae x=-7 <3 
The solutions are 
P1273 and 1 23. The solutions are ai + Val nd — == th 
SECTION 10.2 
YouTrylt1 4x2-—4,-—1= 
4x* -— 4, = 1 
1 
4 Ae? — 4x) = -1 


be es ge 
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SECTION 10.3 


You Try It 1 


You Try It 2 


You Try It 3 


?— 2x +10=£0 
C= b= =2 \c=-10 
—b + Vb? — 4ac 
2a 

_ -(-2) + VE2P = 40) 

Zo | 
_22Ve=40 24 V=36 
Sy Gees 

Py ap(oy) 


x= 











The solutions are 1 + 3i and 1 — 33. 


4x? = 4x - 1 
4x* — 4x +1=0 
a=4,b=-4,c=1 

—b + Vb? — 4ac 
¥ 2a 
—(—4) + V(-4)? — 4(4)) 
2:4 
Aele— 16 4+ V0 
8 ie: 








: etl 
The solution is & 


5x =— a — 1 = 0 

me Or 1 = eal 

b2 — 4ac = (—1)2 — 4(3)(-1) 
1+ 12 = 13 


II 


II 


0 


Because the discriminant is greater 
than zero, the equation has two real 
number solutions. 


SECTION 10.4 


You Try It 1 


reno eet GO. () 
(x'2)2 — 5(x12) + 6 =0 
u2—5u+6=0 

(u — 2)(u — 3) =0 
u—-—2=0 u-3=0 
u=2 u= 3 


Replace u by x”. 


x2 = 2 x2 = 3 
Vx =2 Vx =3 
Wx =22 Wx =? 
x=4 x=9 


The solutions are 4 and 9. 


Solutions to You Try It $31 


V2x+1+x=7 
V 20421 = 7 = x 
(V2x + 1)? = (7 - x) 
2x + 1 = 49 — 14x + x? 
O = x* — 16x + 48 
Oni) (e122) 
x-4=0 20 
x=4 x= 12 


You Try It 2 


4 checks as a solution. 
12 does not check as a solution. 


The solution is 4. 


ET Ve 


Solve for one of the radical 
expressions. 


V2x —1=2-— Vx 
(V2x — 1) = (2 - Vx) 
2x-1=4-4Vx +x 
x-5=-4Vx 
Square each side of the equation. 


(x — 52 =(-4Vx)? 
x2 — 10x + 25 = 16x 
x? — 26x + 25=0 
(— 1)\@ — 25) =0 


i = I =O e259) —0 
= || gp = WS) 


You Try It 3 


1 checks as a solution. 
25 does not check as a solution. 


The solution is 1. 


You Try It 4 
25 


By aT 


Oye G2) 





oye = 8 





By = 2) 3y9+ 22 
4 y 34a, 





Gy ~ 2) + Gy - (5725) = @y- DCB) 
Oy? — 6y + 25 = —24y + 16 
Oy? + 18y +9 =0 
Wy? + 2y + 1) =0 
Wek 2s a AO) 
(y Rel ty 1) 0) 


y+1=0 ytt=0 
yeaa Sieg 


The solution is —1. 


$32 Chapter 11 


SECTION 10.5 


You Try It 1 


Strategy ° This is a geometry problem. 
° Width of the rectangle: W 
Length of the rectangle: W + 3 
° Use the equation A = L. W. 


Solution A=L-W 
54 = (W + 3)(W) 
54 = W2+ 3W 
0 = W2+ 3W — 54 
0 =(W + 9)(W — 6) 
W+9=0 W-6=0 
W=-9 W=6 


The solution —9 is not possible. 
W+3=6+3=9 
The length is 9 m. 


a Solutions to Chapter 11 “You Try It” 


SECTION 11.1 


You Try It 1 
(a= ax —4 


b=-4 
y-intercept: (0, —4) 
3 


[fh a ey 


5 





You Try It 2 


Strategy _* Select the independent and de- 
pendent variables. The function is 
to predict the Celsius temperature, 
so that quantity is the dependent 
variable, y. The Fahrenheit variable 
is the independent variable, x. 

° From the given data, two ordered 
pairs are (212, 100) and (32, 0). Use 
these ordered pairs to determine 
the linear function. 

Solution 

Let (x,, y;) = (32, 0) and (x,, y,) = (212, 100). 
iia) ANU _ Oe 

een 01039) 80) 49 

Y—y, = m& — x) 


y-0=2( - 32) 


SECTION 10.6 


You Try It 1 


2x7 eS © 210230 
(Qi 5) na 2) 20) 






x4+2—--— | t4eettt+ | +++ 


—3-2-1 0 12 3 


4-3-2 OD 2s 


{1-2 =x=3 
7 


as hy —32),or C= 2 (F — 32). 


9 


The linear function is f(F) = 2(F = 32). 


SECTION 11.2 


You Try It 1 


x-coordinate of vertex: 
b 4 1 


OG me Ayes tO) 
y-coordinate of vertex: 
y= ane Aye 


1a\2 1 
( ;| 4( 5) +1 
=1-2+1 
=0 


vertex: (- 7 0} 


axis of symmetry: x = -; 
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You Try It 2 
y Axtre sx + 4 
O=x-7+3x+4 
—b + Vb* — 4ac 
2a 
—3 + V3? — 4(1)(4) 
aie to., ® a=1,b=3,c=4 
BVT 
2 
=Bivi, 3 
Coe.) 


x= 


au 1 


oe 
2 


The equation has no real number solutions. There 
are no x-intercepts. 


You Try It 3 

ae KPA 6 

@=— 1.5) = —l,6e= =6 
b2 — 4ac 


(-—1)? — 4(1)(—6) = 1 + 24 = 25 


Because the discriminant is greater than zero, the 
parabola has two x-intercepts. 


You Try It 4 
PQ) = 3x? + 4x — 1 
b 4 2 


“2a 23) 3 
Ripe 3x> 4x — | 


Bh) 


4 8 1 
—-—+—-— 1 = — 

Because a is negative, the function has a maximum 

value. 


33 3 


; Lead 
The maximum value of the function is & 


You Try It 5 


Strategy  ° To find the time it takes the ball to 
reach its maximum height, find the 
t-coordinate of the vertex. 

© To find the maximum height, 
evaluate the function at the 
t-coordinate of the vertex. 


Solution 
b 64 


te 2 = 9 
2a 26-16) 
The ball reaches its maximum height in 2 s. 


s(t) = = 16t? + 641 
s(2) = —16(2)? + 64(2) = —64 + 128 = 64 





t=- 


The maximum height is 64 ft. 


Solutions to You Try It $33 


SECTION 11.3 


You Try It 1 = Any vertical line intersects the graph 
only once. The graph is the graph of a 
function. 


You Try It2 domain: {x|x € real numbers} 
range: {y|y € real numbers} 








You Try It3. = domain: {x|x € real numbers} 
range: {y|y = 0} 








You Trylt4 domain: {x|x = 1} 
range: {y|y = 0} 





SECTION 11.4 


You Try It 1 
(fae 2) ee?) 
=\( G52)? 2052) ) tla(2) 221 
(4 — 4) + (—10 — 2) 
=-12 
Cie 2) 2) ae 


ll 


You TryIt2 (f- g)(3) = f(3) - (3) 
= (4 — 3?) -[3@) — 4] 
= (4—9).(9 —4) 
C= 3)(5) 
= -25 
Gi *g)3) = =25 


Il 


en et eI Ey: el ERE A OEP MP Ltt bey Pape ee ee a See ie. berg te TL ae a Tt tg ee ete ng pea Peer ey fF ERS is Wom wen oly pee ale PS Ogee RITE se Pe TS Siam ee Sel Va Le TREY Y San SRR Os een phy Ge ne vic eek hee ew Ce eRe TaD, ee eae ROSEY TREO Cr he os 


S34 Chapter 11 


f f(4) axis of symmetry: 
You Try It 3 = |(4) = ——— an 
re: ( = a) er 
epee heed y= (HD al) tal 
<P+2-441 =0 
es 0 ee vertex: (—1, 0) 
Vor eal 
Nl 
as You Try It 2 
R= =e = 2y Fe) 
12 
[La = 22 ae 
. 2a 2-1) 
You Try It 4 g(x) = x? axis of symmetry: 
g(-1) = (-1P =1 Deo 
(1) 2 ieee 
f@)=1 = 2x aay ) i) 
flg(-1)] = fa) = 1 - 204) = -1 
vertex: (3, —1) 
You Try It 5 M(s)=s3+ 1 
M[L(s)] = M(s + 1) = (s + 1)3 +1 You Try It 3 
=si+ 357+ 3s+1+1 = eo = Da 
Ser SS? OST Ben don) feces AN 
2a 21) 
SECTION 11.5 7 axis of symmetry: 
x=1 
You Try It 1 Because any horizontal line intersects tie oye 
the graph at most once, the graph is a > 


the graph of a 1-1 function. 
vertex: (1, —2) 





You Try It 2 f(x) Le 
r == 
Y 2 You Try It 4 
nie (ch + (y— kPa 
Ye aes (x — 2% + [y - (-3)P = 3 
eal center: (h, k) = (2, —3) 
eg es sih a 3 radius: 7 = "3 
1 
—_ 4 == 
se ae, 
24 8 = ¥, 
pp MC rns) You Try It 5 


GQ Shy yh) 
Go 2) erly (3) ae 
(2) yh 3 6 


The inverse of the function is 
given by f~'(x) = 2x — 8. 


YouTryit3 f[g(x)]= 25. = 3 =16 





= 56 =) = 6 = 36 = 12 


No, g(x) is not the inverse of f(x). 





You Try It 6 

x-intercepts: . 
SECTION 11.6 (2, 0) and (—2, 0) 
You Try It 1 y-intercepts: 
y=x2+2x4+1 (0, 5) and (0, —5) 


b ps 


ee ee 


2a Dl) 
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y-intercepts: | 
(0, 3) and (0, —3) 


(3v2 ~ 41) 


vertices: 
(0, 3) and (0, —3) 





asymptotes: 
y=xandy = —-x 


ee) 


You Try It 8 
~ axis of symmetry: 
X-axis 
vertices: 
(3, 0) and (—3, 0) 





asymptotes: 
= ne andy = — a 
m3 a ee 


@ Solutions to Chapter 12 “You Try It” 


SECTION 12.1 You Try It 5 


You Try It 1 f(x) = 


w/t 


} 
fa) = (3) =F 


co-B) G4 


You Try It 2 fia 2 You Try It 6 
f(0) = 22O+1 = 21=2 


tL 
f(—2) = 202) +1=23= ae 


Solutions to You Try It $35 
You Try It 7 You Try It 9 
x-intercepts p ‘ . axis of symmetry: « * 
(3V2, OVand (230724 Oia et = y-axis 


ih 
8 


You Try It 3 AGE ics Ce 
f(2) = e?2-! = e3 = 20.0855 
f(—2) = e2-2)- 1 =e ~ 0.0067 


You Try It 4 a 





You Try It 7 
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S36 = Chapter 12 


SECTION 12.2 


You Tryit1 log,64=x 


64 = 4 
43 = 4x 
3=x 
log, 64 = 3 


You TryIt2 log,x = —4 


3 ern! 
The solution is te: 


You Try It 3 Inx =3 
e=x 

20.0855 ~ x 
You Try It 4 


1 
logs Vv xy? = log, (xy?)!% = 3 logs (xy?) 
1 
= 3 flog, x + logs y”) 
1 
= 5 (log, x + 2 logs y) 


1 2 
= 5S logs x + 3 1Oks y 


You Try It 5 
1 
3 (log, n—*2 log sy + log, 2) 
1 
= 3 log, a-— log, y? + log, z) 


1 KG ta G2 
= 5 (loz. i: + 10g) : = (loz. | 


1/3 
XZ nee 
= log (3) =lo {3 
4 y 84 y 


You Try It6 Because log, 1 = 0, log, 1 = 0 


YouTryit7? log, 6.45 = -02 9:49 _ 9 9576 
log 7 
You Try It8 log, 0.834 = 129-834 _ _ 9 1659 


In 3 


SECTION 12.3 


You Try It 1 f(x) = log, (x — 1) 
y = log, @ — 1) 
2) =x — 4 
2+ lx 


te 


You Try It2 f(x) = log, (2x) 


y = log, (2x) 
30 =e, 
3y 
son eX 


You Try It 3 f(x) = —log, (x + 1) 
y = logy ae a} 
—y = log, & + 1) 
3 = a+ 1 
Sealey 











CO i a 
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SECTION 12.4 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


SECTION 12.5 
(1.06) 1.5 You Try It 1 
log (1.06)” = : 
oe , x Via e ; : Strategy To find the hydrogen ion 
; 1 iq 1 5 concentration, replace pH by 2.9 in 
n= eames the equation pH = —log (H*) and 
og 1.06 solve for H*. 
n ~ 6.9585 
Solution pH = —log (H*) 
The solution is 6.9585. 2.9 = —log (H*) 
—2.9 = log (H*) 
4% = 25 10°20 = He 
oe 
log 4* = log 25 0.00126 ~ Ht 
3x log 4 = log 25 
_ log 25 The hydrogen ion concentration is 
oa log 4 approximately 0.00126. 
3x = 2.3219 
x =~ 0.7740 You Try It 2 
The solution is 0.7740. Strategy _ To find the intensity, use the equation 
for the Richter scale magnitude of an 
log, (x? — 3x) = 1 earthquake, 
Rewrite in exponential form. M = log (7). Replace M by 5.2 and 
I, : 
AD = Koa 3% solve for J. 
4=x? — 3x 
0 =x? — 3x -—4 > f I 
Dt ae) Solution M = log (7) 
cae A Bea =O) So aites & e Replace M by 5.2. 
x=-1 x=4 : of 
The solutions are —1 and 4. 10 = a e Write in expo- 
10521, = r nential form. 
log, x + log, (x + 3) = log; 4 e 
83 &3 3 158,489], ~I 


log, [x(x + 3)] = log, 4 
Use the 1-1 Property of Logarithms. 
x(x + 3) =4 
et 3x 4 
aoe 30 — A) 
(x +4) — 1) =0 
x+4=0 x-—1=0 
og = x=1 
—4 does not check as a solution. The 
solution is 1. 


logaw log. 476) = 3 
leeeixce+ 6)| = 3 


x(x + 6) = 33 

x? + 6x = 27 

x2 + 6x —27=0 

(x + 9)(x — 3) =0 
x—-3=0 
x= 3 


x+9=0 
yi 9 


~9 does not check as a solution. The 
solution is 3. 


Solutions to You Try It $37 


The earthquake’s intensity was 
approximately 158,489 times that of a 
zero-level earthquake. 





S38 Chapter R 


& Solutions to Chapter R “You Try It” 


SECTION R.1 


You Try It 1 


(—4)(6 — 8)? — (-12 + 4) 


You Try It 2 
3xy? — 3x*y 


= ~4(-2)? - (~3) 
See (4) = (oe 3) 

= -16 - (-3) 
=-16+3 

= -13 


8 Gra )(0)- 23 (=2)7(3) = 3( = 2)(25) 3 (4)(5) 


You Try It 3 


You Try It 4 


= —6(25) — 3(4)(5) 
—150 — 3(4)(5) 


= bos 2(5) 
= 150 "60 

as 1 50e (00) 
= —210 


—5(-3a) = [-—5(-3)]a 


= 15a 


22? — 5z — 3z* + 6z = 22? — 3z2 — 5z + 6z 


You Try It 5 
assy — 2). = 
b 


—2(4x + 2y — 62) 


You Try It 6 
a 


= (22? — 3z7) + (—5z + 62) 
aA eN VAL Iie 
tee lean 4 


= (oy)i= (= 3)(2) 
Svar 6 


= a(4x)-+)(=2)(2y) = (=2)(6z) 
= Ox =e al 27 


7(—3x — 4y) — 3(3x + y) = —21x — 28y — 9x — 3y 


ee OO ky 


b. 2y — 3[5 — 3(3 + 2y)] = 2y - 3[5 - 9 — 6y] 


= 2y — 3[-4 —6y] 
= 2y 12) 18y 
= 20y + 12 


SECTION R.2 
You Trylt1 = a. 4x +3=7x4+9 
At Gai ter 3 =] 1x — gx 49 
=—3x+3=9 
= 304+ 3 — 3.=.9 =3 
= he =o 
So 3th 6” 
—3 -3 
Kei 2 


You Try It 2 


You Try It 3 


The solution is —2. 


b. 4- (5x —- 8)=4x+3 
4-—5x+8=4x%+3 
ay 12 Ae 

ee aa bopa rally) rpg — Abe ome 


—9x% — b2.= 3 
=O es 2a oe eee 
-—9x = -9 
=e SE 
-9 -9 
x=1 


The solution is 1. 


Sl S5x 7 
$4 = 5a = 5x — Sxl 7 

—26 7 

=) =e Se es 7 
24 = +6 
ok <6 
Ee SS 
—2 2 
x23 


(xlx= 3). 


IA IA 


3 — 23x Det? = 2x 

3 — 6x = 257 = 2x 

I =6n = 72s 

1 = 6x 2% = 7 — 2x 2x 

1 4g <o7 

1—-1—4f< 714 
—4x <6 
—4x 6 


74 —4 
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SECTION R.3 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 








You Try It 6 


ee 4 
rae 5 


You Try It 7 





—3x+2y=4 
2y = 3x+4 


i) 
Rheo te 2 


You Try It 1 





Let (%;, ¥,) = (-2, 3) and 
Cryo) = Ss 


Vp ype 38 


2 Ses ee) 


x, x,.. 1 — (—2) 3 | 2x2y~4 


The slope is —2. 


y-intercept = (0, 2) 


Place a dot at the y-intercept. 

Starting at the y-intercept, move to 
the right 3 units (the change in x) and 
down 2 units (the change in y). 

Place a dot at that location. 

Draw a line through the two points. 


a. (—2ab)(2a*b 7) 3 


Age ya? 


You Try It 2 

(—4x3 + 2x? — 8) + (4x7 + 6x? — 7x + 5) 
= (452+ 4x3) +:(2x? + 6x7) + (—7x) + (—8 + 5) 
= 8x2 — 7x 3 


Solutions to You Try It $39 








f(x) = 4 —- 2x 
feo) = Ae 2(= 3) 
f(—3) =44+6 
f(—3) = 10 


An ordered pair of the function is 
(=3, 10); 


1 
Cea) = ($2) Dy We = Te 
SW GG 8) 


Ep Ad Spy 
rt abla 
y-2=-5@42) 


1 
Smee Sry 


ae. 50% 
Tey) 


SECTION R.4 


(—2ab)(27~3a~°b®) 
=a —(2>*)a~®p? 
i 
Da 
bp? 


4a® 


x2y~4 


Jacl 


x2A-Dy(-N-3) 


~ QD CEDyCM-D 


= 234-6 -6y 12-15 


= 234-123 
8 


xi? 


S40 = Chapter R 


You Try It 3 
(—4w? + 8w — 8) — (3w? — 4w? + 2w — 1) 
= (—4w? + 8w — 8) + (—3w? + 4w? — 2w + 1) 
= (—4w? — 3w3) + 4w? + (8w — 2w) + (-8 + 1) 
—7w? + 4w? + 6w -— 7 


You Try It 4 

3mn?(2m? — 3mn — 1) 
= 3mn?(2m?) — 3mn2(3mn) — 3mn?(1) 
= 6men? — 9m?*n? — 3mn? 


You Try It 5 3c? — 4c + 5 
DOTS 
—9c* + 12c — 15 
6c3— 8c* + 10c 
6c? — 17c* + 22c — 15 
You Try It 6 


(Aye 1 )(35a—15) 

GWG 4y)(— Sa Cw) Gy yer (=7)(-5) 
= 12y? — 20y — 21y + 35 

= 12y?— 41y + 35 


You Try It 7 
(x3 — 7 — 2x) + (x - 2) 
x? +2x+2 
x — 2)x3 + Ox? — 2x —7 
x? — 2x? 

2x? — 2x 

2x* — 4x 
se = Fl 
2x —4 
—3 


Check: (x — 2)(x* + 2x + 2) - 3 
=x°—2x— 4 = 3 
=x°-2x-—7 


(x? — 7 — 2x) + (x — 2) 


ee eee 
Xe 


You Try It8 = The GCF is 3x’y’. 
6x4y? — 9x3y? + 12x7y4 
= 3x*y2(2x? — 3x + 4y’) 
You Try It9 Two factors of 15 whose sum is —8 
are —3 and —5. 
x? — 8x + 15 = (x — 3)(x — 5) 
You Try It 10 
3x7 = f= 2 NO 





3x* —x -—2=(x — 1)(3x + 2) 


Check: (x — 1)(3x + 2) = 3x? + 2x — 3x -—2 
= 3x*=—x-—2 


You Try It 11 

4a> — 4a? — 24a 

There is a common factor, 4a. Factor out the GCE. 
4a? — 4a” — 24a = 4a(a* — a — 6) 


Factor a? — a — 6. The two factors of —6 whose 
sum is —1 are 2 and —3. 


4a(a* — a — 6) = 4a(a + 2)(a — 3) 
4a? — 4a? — 24a = 4a(a + 2)(a 33) 


Check: 4a(a + 2)(@ —.3) = (4a2, + 8a)(a — 3) 
= 4a* — 12a? + 8a? — 24a 
= 4a* — 4a? - 24a 
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Answers to Selected Exercises Al 


a Answers to Chapter 1 Selected Exercises 


PREP TEST 


a2 7.16 2. 55,107 3. 4517 4. 11,396 5. 24 6. 24 7. 4 Gh Se Ul 9. 


Ui} he 


SECTION 1.1 ~ 


1.8>-6 Rh eS Ih 5. 42 > 19 7.0>-31 9. 53 > —46 11. false 13. true 15. false 17. true 
19. false Ah, =a PN, PUN, BM 74s), = 726) 27. —4 29. 9 31. 28 33. 14 Shy = 717 37. 0 

39. 74 41. —82 43. —81 45. |-83| > |58| 47. |43| < |—52| 49. |—68| > |—42| 51. |—45| < |-61| 

5319) O28 Ome on On 17 So 1 61. —5 63. —83 65. —46 67. 0 69. —5 Hla & 73. 1 
75. 8 1, =F 199 81. 9 83. —3 85. 18 87. —10 89. —41 S12 12 93. 0 Ck = 

S72 11 99. —18 101. 0 103. 2 105. —138 107. —8 109. —12 111. —20 115. 42 117. —28 
119. 60 12 253 1235-238 125. —114 WA =P 129. 8 (Eua, 7 Hes =i 135. —6 

Lewis = 7 139211 141. —14 143. 15 145. —16 147. 0 149. —29 151. undefined (BEL, =U 

155. undefined 157 — 105 1592252 161. —240 163. 96 165. —216 167. —315 169. 420 

171. 2880 WES S278: 1755.0 177. The difference in elevation is 7046 m. 179. The difference between the 
highest and lowest elevations is greatest in Asia. 181. The difference is 5°C. 183. The student's score is 93 points. 


185. The difference between the average temperatures is 0°. 187. The difference is 29°F. 


SECTION 1.2 
Petes. 6 340.2 5.0.16 7. 0.5625 9. 0.583 41.024 13,0225 15,0:45 19; =, 0.40 
22 8 87 9 3 3 1 1 23 
210.88 23.—,1.6 25. —,‘0.87 ph ee o— es —_ ——— as 
25 5 100 Z 2 po ae ace 70 a, 8 a2 400 zo 16 = 400 
39. 0.091 41. 0.167 43. 0.009 45. 0.0915 47. 0.1823 49.37% 51.2% 53. 12.5% 55. 136% 
1 4 5 11 1 a 
(9) (9) =D PEs) (4) 0, = =S a pa 
57. 0.4% 59. 83% 61. 375 Y 63. 44 % 65.45% 67. 250% 69. 5G 71; 5 73. iB 75. mn 
77.0 79: : 81. -2 83. ~ 85. —1.06 87. —23.845 89. —10.7893 91. —37.19 93. -17.5 
3 1 4 7 15 10 147 25 2 
p= i a = — == 9109. 01S st 
95.19.61 97 : 99 0 101 : 103 50 105 a 107 3 09 5 NaS ; 
115. 4.164 117. 4.347. 119. -4.028 121. -2.22 123. -1.104 125. -2.59 127. -5.11 129. —2060.55 


131. 2401 133. —64 135785 137g 125 139. -s 141. 3.375 143. —-1 145. —8 147. —6750 


149. -144 151.-18 153.4 155.7 -157.4V2 159.2V2 161. 18V2 163. 10V10 165. V15 
96729 4 1694--54V2.. 171. 3V5 0) 173. 0.» 175.482 «177.415.492.179. 16.971, 181. 16 

183. 16.583 185. 15.652 187. 18.762 189a. The 2001 annual net income would be —$103.408 million. 

b. The average monthly net income was —$43.584 million. ec. The difference was $30.481 million. 191. 31% of the 
owners responded that the Internet had helped business. 193. 3,4,5, 6,7, 8,9 


SECTION 1.3 
Be Gee 1 170 9h 10)! 1120 993.5290) 45, 11-817. 70 19 1126 28. 15 28.4 


39. Your savings on 


NI] 


1 1 1 
27.5 29. —1 31. 4 33..0;51 Loy, lsd 37. Row 1: Tas 0; Row 2: eI Row 3:5) 


gasoline would pay for the increased cost of the car in 32 to 65 months. 


SECTION 1.4 
Pee ee 8 R15 11.410 18d WS Sy edd 1957, 21.5.0 23.8 





A2 Chapter 1 


257 3" 27 = 2 29-4 S110 sae 20) oor ees moe 39. 2y 41 =12y = "3 43. 9a 

45. 6ab 47. —12xy 49. 0 51. -Zy 53. = 9? 55. 20x 57. —4a 59, —2y? 615-2445 $y 63. 8x 
65. 19a — 12b 67126 2y CE), ae = Bye 71. 60x 73. —10a 75. 30y 77. 72x 79. —28a 

81. 1085 83. —56x? © 85. x2 —- 87..%) 89,a _91.,.b7~ $9345" 7195.72.09) 52 oon ae 1012 =15a2 
103. 6y 105. 3y 107. —2x 109. —9y V1 ==] 113. 10% = 35 115.°=3a = $0 117. —15y 4°35 
119. 20 — 14b 121. —4x + 2y 123. 18x74 12% 125: V0e = 135 127. —14x + 49 129, —30%4-715 


1 
131. —24y? + 96 (REE See? sb Sy 135. nee ely 


141. —2x + 3y -3 143: 10x? + 15x — 35 


751. —12y—9 153. 7n — 7 155. —2x + 41 157. 3y — 3 
4165 6305 1 167 40 12 169.24 0) 171, a 
177. x +6 179s ts) — 3 181. 4(x + 19); 4x + 76 
x 1 4 
187. AU ys 189. x2 + 2x 191. GS) a a 193. x + (x + 9); 2x +9 


1 5 7 
197. Be =y 8”  294~ 


in 2000; ¢ + 235 


199. (x +5) +2;x+7 


137. 3x2 + 6x%.— 18 


145. 6x2 + 3xy — 9y? 


201. 2(6x + 7); 12x + 14 


205. Let g be the amount of oil in one container: g, 20 — g 


139. —2y? + 4y — 8 


\ ‘ 


147..~<3a? = 5a.+ 4 pu 149, —2e-= 16 


159. 2a — 4b 161. —4x + 24 1635-2416 


Wer esr AOS INE MGe— SOR Oe — S00 


15 D 2 14 
= +7;fxe4+— 
185 3 (~ + 7); 3 ae 


183. 3 





$e oe Me 


195. x — (8 — x); 2x — 8 


203. Let t be the number of tornadoes 


207. Let p be the pounds of pecans 


1 3 
produced in Texas: : p 209. Let d be the diameter of a baseball: 4d = 211. yes 213. 2x 215. qr 217. 5° 
SECTION 1.5 
1. A = {16, 17, 18, 19, 20, 21} 3. A = (9, 11, 13, 15, 17} 5. A = {b, c} 9. AUB = {3, 4, 5, 6} 


11. AU B= {-10, —9, —8, 8, 9, 10} 
17. AN B= {4,5} 19. ANB=© 
25. {x|x > 30, x € integers] 


21. AM B= {c, d, e} 


27. {x|x > 5, x © even integers} 


13. AU B= {a,b,c,d,e, f} 


15. AU B= {1, 3, 7, 9,11, 13} 
23. {x|x > —5, x © negative integers} 


29. {x|x > 8, x € real numbers} 


31. 33. 

=5=4=3=2<1 0 2 2 3 4 °5 =5-4—3.—2—1 0 i 233 4°5 
35, ++} ++++ +--+ 37. 

=3A§ A=) @ 1 2g AG -5-4-3-2-1 0 123 4 5 
39. 

=5=4=3=2=1 0 1 23 4.5 
41a. never true b. always true ec. always true 43a. yes b. yes 


CHAPTER REVIEW* 


1. —4,0 [1.1A] 2.4 [1.1B] 33 5) EB] 4. -13 [1.1C] 3. ft [tC] 6. —42 [1.1D] 

eee) Oe (ile 10))} 8. 0.28 [1.2A] 9. 0.062 [1.2B] 10. 62.5% [1.2B] 11. 3 [1.2C] 12. 10681 1 oGi 
13. iz [1.2D] 14. —4.6224 [1.2D] 15. < [1.2E] 16. 12 [1.2F] 17. -6V30 [1.2F] 

18. 31 [1.3A] 19. 29 [1.4A] 20. 8a — 4b [1.4B] 21. 36y [1.4C] 22. 10x = 35, [1.4D] 


23. 7x + 46 [1.4D] 24. —90x + 25 [1.4D] 
27, —+++-++-+-++ +++ Ss [1.5] 28. 
—-5-4-3-2-1 0123 45 


was 98. [1.1E] 


*The numbers in brackets following the answers in the Chapter Review and Cha 


that problem. For example, the reference [1.2A] stands for Section 1.2, 
Reviews, Chapter Tests, and Cumulative Reviews throughout the text. 


25. [b 355, 7) a115al 
-5-4-3-2-101234 5 


30. 50.8% of the candy consumed was chocolate. 


26.ANB=(1,5,9} [1.5A] 


ese 29. The student’s score 
jf 8} 
{1.2G] 31. 2x — 5% 5% [1.4E] 


pter Test are a reference to the objective that corresponds to 


Objective A. This notation will be used for all Prep Tests, Chapter 
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Answers to Selected Exercises A3 


32. Let A be the number of American League playing cards; 5A’ [1.4E] 33. Let T be the number of ten-dollar bills; 
35 [| 1.4E} 


CHAPTER TEST* 
E27) 40 [1aAje = 254 (14B] 3. —4e{1.1B) o4:-14 [110] 5. a26 [1.1Cker 6.4 [1.10] 


= 2 1 
Ta1F ian D) 8. O7 [2A] 9. 30° 0-45 [1.2B] 10. 15 LE 2C ati. 5.3578) (12D) 12. “5 [1.2D] 


“leh, 12? eae 14. —6V5 [1.2F] 15517 [1-34] 16. 22 [1.4A] 17. 5x [1.4B] 18. 2x [1.4C] 
19. =6x? + 21?” [1.4D] 20: —-x +6 [1.4D] 2h eso eal 4D 227 {(—=27—15'0)11, 273) 115A) 
23. {x|x < —3,x € real numbers} [1.5B] 24 AU B= (i) 2, 3} 4, 5,62, 8) [LSA] 


25. tte ttt SOCé[..50C 2 eee HH 
=§ -4-3-2-1 0 1 243 4 5 [ | rs Mee a3 Seo oe a as [1.5C] 


2Fe tO =) 3) 10% — 30. [1:4E} 28. Let s be the speed of the catcher’s return throw; 2s_ [1.4E] 

29a. The balance of trade increased from the previous year in 1981, 1988, 1989, 1990, 1991, and 1995. [1.2G] 

b. The difference was $288.6 billion. [1.2G] c. The difference was greatest between 1999 and 2000. [1.2G] 

d. The trade balance was approximately 4 times greater in 1990 than in 1980. [1.2G] e. The average trade balance per 
quarter for the year 2000 was —$92.425 billion. [1.2G] 30. The difference is 395.45°C. [1.2G] 


© Answers to Chapter 2 Selected Exercises 


PREP TEST 
Peele? 61 t.1C) 23,3 e[1.1D). 4.1 (12D) 5: os [1.2D] 6. 10x—5 [1.4B] 


doe = 9 fl4AD] 8. 3n +6 [1.4B] 9.°0.032:45 20% [1:4D} 10. 20-—mn [1.4E] 


SECTION 2.1 


3. yes 5. no 7. yes 9. no 11. no 13. yes 15. yes 17. no 21. 6 23. 16 25. 7 27. 0 


Ait 3) 3110 Sep Se 35. —14 37. 2 39. 11 Alo 43. -—1 45. —14 47. -5 49. -+ 


51. 2 53. a3 55. -) 57. 0.6529 59. —0.283 61. 9.257 65. —3 67. 0 69. —2 71. 9 
73. 80 75. —4 TH Me 79. 8 8157 83. 12 85. —18 87. 15 89. —20 91. 0 93. 15 
CEES 97. . 99.5 101. -+ 103. -3 105. = 107. 4 109. 3 111. 4.745 113. 2.06 


4157 $2.13 119. 28 121. 0.72 123. 64 125. 24% 92725752 129. 400 131. 200% 133. 400 
1s5e757 137. 200 139. 400 141. 20 143. 80.34% 145. 19% of the students are in the fine arts college. 
147. Approximately 46.8% of the deaths were due to traffic accidents. 149. Approximately 1.7% of the coupons were 


redeemed by customers. 151. Western Europe's share is $675 billion more than Latin America’s share. 


b 5 6 
153. Approximately 11.2% of the children were enrolled in private school. 155. x = a4 #0 8 157a. 3 baa Gc: 5 


159. The new value is 2 times the original value. 


SECTION 2.2 
ee fe 300) 112 pe 13. 50F 15.08) 176 19.53. 201, 2896 | AB 


3 
: ZA) = 
27. 0 4 


53. 3 55. -; 57. 18 59. 8 61. —16 63. 25 65. 21 67. 15 69. —16 71, =21 


4 1 1 3 1 1 13 
= = ae isa vi Ua 43. 1 45. 1 47. 0 49. — 
31. 9 33. 3 35. 5 37 4 39 3 1 6 10 


51. 


A4 Chapter 2 


73, 78. TT 279. 8 BT BS. 2 BB 2s, 3 By ee 
2 5 3 ms 
97.0 99-1 101. -3 103.-1 105.4 107.5 108 = 111.5 113.1 1d Ait 


7 4 1 1 10 1 
aa = = re aS 129. = isi = 133. x + 12 = 20; 8 
ihe, il 121. 3 123. 3 125 5 127 3 9 3 4 


19 
135. ox= =302 =50) 137. 3x + 4 = 13;3 139. 9x — 6 = 12; 2 141. x + 2x =9;3 143. 5x — 17 = 2; 


1455360 (e—3 Ore 147. 30 = Tx = 9; 149, 2x = (21/— x) 413; 8,13 151.023 — = 2% Fis Onl 
153. The approximate length of the humerus is 28.5 in. 155. A car will slide 136 ft on black ice when the outside 
temperature is —11°C. 157. —14 159. b 161. no solution 163. —21 


SECTION 2.3 


1. 20 oz of herbs should be used. 3. The cost of the. mixture is $3.44 per pound. 5. 3 lb of caramel is needed. 

7. 2 c of olive oil and 8 c of vinegar are used. 9. The cost is $3.00 per ounce. 11. 16 oz of the $400 alloy should 

be used. 13. 37 lb of almonds and 63 lb of walnuts were used. 15. 228 adult tickets were sold. 17. The cost 
is $.70 per pound. 19. The resulting gold alloy is 24% gold. 21. 20 gal of the 15% acid solution are used. 

23. 30 lb of the yarn that is 25% wool is used. 25. 6.25 gal of the plant food that is 9% nitrogen is used. 

27. The resulting mixture is 19% sugar. 29. 20 lb of the coffee that is 40% java beans are used. 31. 100 ml of the 
7% solution and 200 ml of the 4% solution are used. 33. 150 oz of pure chocolate must be added. 35. The resulting 
alloy is 50% silver. 37. There must be an additional $5000 added. 39. There was $9000 invested at 7% and $6000 
at 6.5%. 41. There was $2500 deposited in the mutual fund. 43. The university deposited $200,000 at 10% 

and $100,000 at 8.5%. 45. The mechanic must invest $3000 in additional bonds. 47. $40,500 was invested at 8%. 
$13,500 was invested at 12%. 49. The total amount invested was $650,000. 51. The total amount invested 

was $500,000. 53. The rate of the first plane is 105 mph. The rate of the second plane is 130 mph. 55. They will 
be 3000 km apart at 11 A.M. 57. The cabin cruiser will be alongside the motorboat 2 h after the cabin cruiser leaves. 
59. The distance from the airport to the corporate offices is 120 mi. 61. The rate of the car is 68 mph. 

63. The distance between the two airports is 300 mi. 65. The two planes will pass each other 2.5 h after the plane 
leaves Seattle. 67. They will meet 1.5 h after they begin. 69. The bus overtakes the car 180 mi from the starting 
point. 71. 3.75 gal must be drained from the radiator and replaced by pure antifreeze. 73. The cyclist’s average 


speed for the trip was 135 mph. 


SECTION 2.4 


Sa CMe ici X9) or itic2| 9. (alee 4) 11. {x|x > 3} 13.. {x|x% > 4) 15. |aix = 2) 
17. {x|x > —2} 19. ieiy = 2) 21. {x|x > —-2} 23, (ee) 25. {x|x = 2] 27. {x|x < —3} 29. {x|x <5} 


1 23 8 
31. {le -+} 33. (re <23| 35. {z<$| S7lxhxeed 1439; {rlx> 4} 41. {x|x < 1} 


7 
43, {x|x=7} 45. {x|x <2} 49. {x|-2 <x = 4) 51. {xix = 3 0rx = 5} 53, (x|—-4 4 = 2} 
55. {x|x >60rx<-4) 57. {x|x < -3) 5S [x)-3.< 1-2} 61. {x|-2<x<1}] “63. (x|x =< —2 or x > 2} 


5 
65. (x|2<x<6} 67. {x|-3<x<-2} 69. {rl >5orx< -3| 71. {x|x<3} 73. The solution set is the 


empty set. 75. {x|x € real numbers} 77. (> 





17 45 17 
ian a 79. }x|-5< i, 81. {x|x € real numbers} 


83. The smallest number is —12. 85. The maximum width as an integer is 11 cm. 87. The TopPage plan is less 
expensive for more than 460 pages per month. 89. The call must be 7 min or less. 91. The temperature range for 
the week was between 32°F and 86°F. 93. The amount of sales must be $44,000 or more. 95. The business writes 
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Answers to Selected Exercises A5 


more than 200 checks monthly. 97. The range of scores is 58 < N < 100. 
101. (1, 2} 103. © 


99. The ski area is more than 38 mi away. 


SECTION 2.5 
1. yes 3. yes Ly Teg =i 7. 4, -4 956, —6 hl 13. There is no solution. ey Il = 5 17. 8,2 
; , : 3 3 
19. There is no solution. 21. “5. 3 23. 7 25. There is no solution. 27. 7, -3 29. 2, a Sia 
3 , ; 11 1 1 

33. 5 35. There is no solution. 37. ane 39. 15 al 41. There is no solution. 43. 3,0 45. There is 

; 13 , wil 1 1 7 8 10 
no solution. 47. 1,— 49. There is no solution. 51. —,- 53. -—— .- >t ==, 

3 is n ution 373 3 5 55 aA DD 3° 3 

59. There is no solution. 61. {x|x > 3'or x < =3) 63. {x|x > 1 orx < —3} 65. {x|4 <x = 6} 


14 
67. {x|x =5orx = -1} 69. {x|-3 <x < 2] 71. {z[x>20rx< -3| 73. @ 75. The solution set is the set 
1 9 22 
of real numbers. aT. x|xS—Zorx=3 79. x|-25x55 81. (x|x = 2} 83. a|x<—2orx >> 


3 9 4 
85. {x i a >} 87. {rls <Oorx> 4} 39 ixix= Sora = 0} 91. The lower limit is 1.742 in. The upper 


19 
limit is 1.758 in. 93. The lower limit is 195 volts. The upper limit is 245 volts. 95. The lower limit is 935 in. The 


2Al 
upper limit is 935 in. 97. The lower limit is 28,420 ohms. The upper limit is 29,580 ohms. 99. The lower limit 


is 23,750 ohms. The upper limit is 26,250 ohms. 101.a. {x|x = —3} b. {ala < 4} 103.a.< b= c= d= e= 


CHAPTER REVIEW 


1 Pa oo Pe | 202 22 Bi 3. 20) 912216] Aes Ep2e2A] 5. 2 [2.2A] 6. [2.2B] 7.4 [2.2B] 


Wile 


4 
8. —2 [2.2C] S. 10 (2.2C) 10. {rle> 3} [2.4A] 11. {x|x>-—1} [2.4A] a2: {z|-3 <x<4 [2.4B] 
9 
13. {x|x € real numbers} [2.4B] 14. “3: 3 [2.5A] 15. 9,-1 [2.5A] 16. {x|1<x«<4)} [2.5B] 


1 : 
17. {rls =20rx= + [2.5B] 18. 30 is 250% of 12. [2.1D] 19. upe of 1600 is 8. [2.1D] 


2095. 4 — 1670— 4 [2.2D] 21. 3x = 2(21 — x) — 2; 8,13 [2.2D] 22. The airline would sell 177 tickets. [2.1D] 
23. The rebate is 6.1% of the cost. [2.1D] 24. 2 qt of cranberry juice and 8 qt of apple juice were used. [2.3A] 

25. The cost is $3 per ounce. [2.3A] 26. The percent concentration of butterfat is 14%. [2.3B] 27. 375 |b of the 
alloy containing 30% tin and 125 lb of the alloy containing 70% tin were used. [2.3B] 28. The total amount invested 
was $450,000. [2.3C] 29. $1400 was deposited at 6.75%. $1000 was deposited at 9.45%. [2.3C] 30. The jet over- 
takes the propeller-driven plane 600 mi from the starting point. [2.3D] 31. The average speed on the winding road was 
32 mph. [2.3D] 32. The range of scores is 82 = x = 100. [2.4C] 33. The lower limit is 1.75 cc. The upper limit 


is 2.2 ech. [2.5C] 


CHAPTER TEST 
4.25 [222B] 2-5 [21B] 3. -3 (2.2A] 4.2 [2.2C] 5.no [21A] 6.5 [22A] 7, 0.04 [2.1D] 


aot [2.2¢] 9.2 [2.2B] 10. -12 [2.1C] 11. fe|x=— 3) [2.44] 12. {x|x > —1} [2.4A] 
3 


= es 3| [2.5B] 





9 1 
13. {x|x > —2} [2.4B] 14.0 [2.4B] 1523) "5 [2.5A] 1695-2 012.5A 17. {> 3 


18 {> |x SD) (OP OS -+| [2.5B] 19. 4,11 [2.2D] 20. The cost of the hamburger mixture is $2.70 per 
j D 





A6 Chapter 3 


pound. [2.3A] 21. 1.25 gallons of water must be used. [2.3B] 22. $5000 is invested at 3% and $15,000 is invested 
at 7%. [2.3C] 23. The rate of the snowmobile is 6 mph. [2.3D] 24. You can drive the Gambelli Agency car less 
than 120 mi per day. [2.4C] 25. The lower limit is 2.648 in. The upper limit is 2.652 in. [2.5C] 


CUMULATIVE REVIEW 
19 49 


nee — : 1.4A Ths aly 1.4B] 
16 a VAC) 2. —48 [1.1D] 3. 48 [1.2C] 4.54 [1.2E] 5. 40 [1.3A] 6.6 [ ] Ca | 


8. —5a — 4b [1.4B] 92°2% J (LAC) 10. 36y [1.4C] 11. 2x2 + 6x —4 [1.4D] 12. —4x + 14 [1.4D] 
13. 6x — 34 [1.4D] 14.490 B={-4,0} [1.5B] 15. +++4+++++4++- ~—“([1.5C] 16. yes [2.1A] 


-5-4-3-2-1 012 3 45 


\ ‘ 


, 
WeH25. [21] 18. —3 [2.2A] 195.35 (Z.ZA] 207 35) 2-23 21. > [2.2B] 22, i 3y e220] 


4 
23. {x|x = 1) (2.4A] 24. {x|-4<x <1} [2.4B] 25. —land4 [2.5A] 26. {lx = 20nn -4 [2.5B] 


27. = [1.2B] 28. 103% [1.2B] 29. 25% of 120 is 30. [2.1D] 30. 6x 13 = 34 = 5; 4 =)-6- (2:20) 


31. 20 lb of oat flour must be used. [2.3A] 32. 25 g of pure gold must be added. [2.3B] 33. The length of the 
trackis 120m. [2.3D] 


o Answers to Chapter 3 Selected Exercises 


PREP TEST 


1. 43 [2.1B] 2.75150(21 Bi 3. 56 [1.3A] 4. 56.52 [1.4A] 5. 113.04 [1.4A] 6. 120 [1.4A] 


SECTION 3.1 


1. 40°; acute 3. 115°; obtuse 5. 90°; right 7. The complement is 28°. 9. The supplement is 18°. 

11. The length of BC is 14 cm. 13. The length of QS is 28 ft. 15. The length of EG is 30 m. 17. The measure 

of ZMON is 86°. the), Zi" 21. 30° 23. 36° 25. 127° 27. 116° 295202 31. 20° 33. 20° 

35. 141° 37. 106° 39. 11° 41. Za = 38°, 2b = 142° 43. Za = 47°, Zb = 133° 45. 20° 47. 47° 

49. 2x = 155°, Zy = 70° 51. Za = 45°, 2b = 135° 53. 90° — x 55. The measure of the third angle is 60°. 

57. The measure of the third angle is 35°. 59. The measure of the third angle is 102°. 61.a. 1° b. 179° 65. 360° 


SECTION 3.2 


1. hexagon 3. pentagon 5. scalene 7. equilateral 9. obtuse 11. acute 13. 56 in. 15. 14 ft 

17. 47 mi 19. 87cm or approximately 25.13 cm 21. 117 mi or approximately 34.56 mi 23. 177 ft or 
approximately 53.41 ft 25. The perimeter is 17.4 cm. 27. The perimeter is 8 cm. 29. The perimeter is 24 m. 
31. The perimeter is 48.8 cm. 33. The perimeter is 17.5 in. 35. The length of a diameter is 8.4 cm. 

37. The circumference is 1.57 in. 39. The circumference is 226.19 cm. 41. 60 ft of fencing should be purchased. 
43. The carpet must be nailed down along 44 ft. 45. The length is 120 ft. 47. The length of the third side is 10 in. 
49. The length of each side is 12 in. 51. The length of a diameter is 2.55 cm. 53. The length is 13.19 ft. 

55. The bicycle travels 50.27 ft. 57. The circumference is 39,935.93 km. 59. 60 ft? 61. 20:25 in? 

63. 546 ft? = 65. 167 cm? or approximately 50.27 cm? —_—67.. 30.257 mi2 or approximately 95.03 mi? 69. 72.257 ft2 
or approximately 226.98 ft? 71. The area is 156.25 cm?. 73. The area is 570 in?. 75. The area is 192 in?, 

77. The area is 13.5 ft2. 79. The area is 330 cm?. 81. The area is 257 in?. 83. The area is 9.08 ft2. 


85. The area is 10,0007 in?. 87. The area is 126 ft?. 89. 7500 yd? must be purchased. 91. The width is 10 in. 
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Answers to Selected Exercises A7 


93. The length of the base is 20 m. 95. You should buy 2 at. 97. It will cost $98. 99. The increase in area 


: ] : 2 
is 113.10 in?. 101. The cost will be $878. 103. The area is 216 m?. 105. The cost is $1600. 109. A= at 


SECTION 3.3 


1. 840 in3 3, 15 ft? 5. 4.57 cm? or approximately 14.14 cm3 7. The volume is 34 m3. 9. The volume is 
42.875 in3. 11. The volume is 367 ft3. 13. The volume is 8143.01 cm3. 15. The volume is 757 in}. 

17. The volume is 120 in?. 19. The width is 2.5 ft. 21. The radius of the base is 4.00 in. 23. The length is 5 in. 
The width is 5 in. 25. There are 75.40 m3 in the tank. 27. 94 m2 29. 56 m? 31. 967 in? or approximately 
301.59 in? 33. The surface area is 184 ft?. 35. The surface area is 69.36 m2. 37. The surface area is 2257 cm?. 
39. The surface area is 402.12 in?. 41. The surface area is 67 ft?. 43. The surface area is 297 in?. 45. The width 
issS.eme 47. 11 cans of paint should be purchased. 49. 456 in? of glass are needed. 51. The surface area of the 


pyramid is 22.53 cm? larger. 53.a. always true b. never true c. sometimes true 


CHAPTER REVIEW 


ieee 58° =~ 3.1C] 2. 2x = 68° [3.1B] 3. The length of AC is 44cm. [3.1A] 4. 19° [3.1A] 
5. The volume is 96 cm3. [3.3A] (2a Ses Zin = 42 Tey il e3i 7. The surface area is 220 ft?. [3.3B] 

8. The supplement is 148°. [3.1A] 9. The area is 78 cm?. [3.2B] 10. The area is 63 m?. [3.2B] 

11. The volume is 39 ft?. [3.3A] 12. The measure of the third angle is 95°. [3.1C] 13. The length of the base 





784 
is8cm. [3.2B] 14. The volume is 2887 mm. [3.3A] 15. The volume is x cm?. [3.3A] 16. Each side 


measures 21.5 cm. [3.2A] 17. 4 cans of paint should be purchased. [3.3B] 18. 208 yd of fencing are 
needed. [3.2A] 19. The area is 90.25 m?. [3.2B] 20. The area is 276 m2. [3.2B] 


CHAPTER TEST 


1. The radius is 0.75 m. [3.2A] 2. The circumference is 31.42 cm. [3.2A] 3. The perimeter is 26 ft. [3.2A] 

Aw Ca— ss an osu All 5. The volume is 268.08 ft3. [3.3A] 6. The area is 63.62 cm?. [3.2B] 

Tag 00% be— 602 (3216) Sey Sa Sav AN 9) a= 135% b=45° ([3.1B) 10. The area is 55 m?. [3.2B] 

11. The volume is 169.65 m3. [3.3A] 12. The perimeter is 6.8 m. [3.2A] 13. 58° [3.14] 14. The surface area 
is 164.93 ft?. [3.3B] 15. There are 113.10 in? more in the pizza. [3.2B] 16. The measures of the other two angles 
are 58° and 90°. [3.1C] 17. The bicycle travels 73.3 ft. [3.2A] 18. The area of the room is 28 yd?. [3.2B] 

19. The volume of the silo is 1145.11 ft?. [3.3A] 20. The areais 11 m2. [3.2B] 


CUMULATIVE REVIEW 
fe sOrandieit1A) 2. 0.089. [1.2B] | 3. 35% [1.2B]_. 4. ~5 2p] 5, =2451 [12D], 6. =5V5 


LE2F] 7,28) [13A] 8. —8 [1.4A] 9. —3m + 3n [1.4B] 10. 21y [1.4C] 11. 7x +9 [1.4D] 
42-2, —1} -L15A) 13. {—10, 0, 10, 20, 30} [1.5A] Perera rere ee ee ee 15.5 [2.2B] 
—5-4-3-2-1 012345 


16. 5 (2261 17. {yly = —4) [2.4A] 18. {x|x = 2} [2.4A] 19. {x|x < —3 0rx > 4} [2.4B] 


20. {x| 2<x<=6} [2.4B] 21. 1, -5 [2.5A] 22. {x| 6 <x = 10} [2.5B] 23. 4x = 131° ([3.1B] 
2A Anal 0ie 2>% = 3. (2,2D] 25. The third angle measures 122°. [3.1C] 26. $5000 should be deposited in 
the 9.5% account. [2.3C] 27. The third side measures 4.5 m. [3.2A] 28. The women’s median annual earnings 


are 70.8% of the men’s median annual earnings. [1.2G] 29. The area is 20.257 cm?. [3.2B] 30. The height of the 


box is 3 ft. [3.3A] 





A8 Chapter 4 


ae Answers to Chapter 4 Selected Exercises 


PREP TEST 


Ue SAvece 2 | Zip 2,10 [{1.2F] 3. =2> [1:3A] 4.11 [1.4A] 5.2.5 [1.4A] 6.5 [1.4A] 
7.1 = ([1.4A] 8.4 [2.2A] 


SECTION 4.1 





7. The coordinates of A are (2, 3). The coordinates of B are (4, 0). 
The coordinates of C are (—4, 1). The coordinates of D are (2, —2). 
9. The coordinates of A are (—2, 5). The coordinates of B are (3, 4). 
The coordinates of C are (0, 0). The coordinates of D are (—3, —2). 
11. The coordinates of A are (2, 4). The coordinates of B are (0, 1). 
The coordinates of C are (—4, 0). The coordinates of D are (3, —3). 
15. y 





. yes 19. no 21. no 23. no 25. (3, 7) 27. (6, 3) 29. (0, 1) 31. (—5, 0) 
33. 37 39. 





41a. The temperature of the reaction after 20 min was 280°F. b. The temperature was 160°F in 50 min. 
43. a 





65 70 75 80 85 90 
Profit (thousands of $) 


SECTION 4.2 


9. Function 11. Function 13. Function 15. Not a function 17. Yes. $29.62 19. f(3) = 11 21. f(0) = —4 
23. G0) = 4 28. G(=2)= 10-27. g(3)=5 | 29. g(=2)=0 9931. F(4) 994 OP gg F(a) = = 4 Msg H(1)=1 


3t 
37. H(t) = ap. 39. s(—1) = 6 41. s(a) =a3 — 3a + 4 43. P(—2 + h) — P(—2) = 4h 


pou 45a. The packaging cost 


is $4.75 per game. b. The packaging cost is $4.00 per game. 47a. The appraiser's fee is $3000. b. The appraiser's 
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fee is $950. 49. Domain: {1, 2, 3, 4, 5}; range: {1, 4, 7, 10, 13} 51. Domain: {0, 2, 4, 6}; range: {1, 2, 3, 4) 

53. Domain: {1, 3, 5, 7, 9}; range: {0} 55. Domain: {—2, —1, 0, 1, 2); range: (0, 1, 2} by/> WDrormmauing (=2, il, O, fl, Be 
range: (=3, 3, 6,-7.9} 59. 1 61. —8 63. None 65. None 67. 0 69. None 71. None 1%, 2 
75. None 77. Range: (—3, 1,5, 9} 79. Range:{=23, —13, —8, =3, 7} 81. {0, 1, 4} 83. (2, 14, 26, 42} 


5 (tel 
85. {-5, 3° 5} 87. {rh Sey ee i} 89.535,--S, 2) 93. ((—2, =o) 1), (0-0), (1, 1) Ae ieYes, the set 
defines a function. 95. 50.625 watts of power will be produced. 97a. After 5 s the parachutist is falling at a rate of 
22 ft/s. b. After 15 s the parachutist is falling at a rate of 30 ft/s. 99a. After 5 h the temperature will be 64°F. 


b. After 15 h the temperature will be 52°F. 


SECTION 4.3 

















190) (Oe 3) 21710550), (0,.=2) 23. (0, 0), (0, 0) 














41. 





Human age 


10 20 
Square feet 





Dog's age 


A dog 6 years old is equivalent in age to a 


It costs $182.50 for a custom sign 15 ft? in area. 


human 40 years old. 





A10 Chapter 4 


SECTION 4.4 


aeee 


2 


7 : 
by “5 Tae 9. The slope is undefined. is 5 13. The line has zero slope. 


Ww le 


15. -5 17. The slope is undefined. 19. The slope is 40. The slope is the average speed of the motorist in 


miles per hour. 21. The slope is —0.05. For each mile the car is driven, approximately 0.05 gal of fuel is used. 
23. The slope is 385.5. The slope is the average speed of the runner in meters per minute. 25. no 29. yes 
37. 





45. i and D; ii and C; iii and B; iv and F; v and E; vi and A 47. k = 10 49.k=-4 


SECTION 4.5 
1 1 5 
Ss) Se Ae se 5 Dey = Gait A Uy a Sh ee) Ue 3 == 250 se ©) 13. y = =3% 474 
1 1 2 7 27 
UP gee? a 19. y = 3x —-9 a ee 23a 20.) = eames 


2 3 1 
bs BPS SEN 29. x = 3 SI ata 33. y = -3 35. y = -2x 43 37. #==5 39. y=x+2 
1 ) 
41. y = -2x —3 G3 e a2 45.y=-x+5 47. y= —-2x -3 bee = ee ly lee 


8 25 1 ; 
53. y=x-1 55. y=—x+ 1 Te ae ery PE =) 61. y = -4 63. y= =x 


4 5 4 7 
oo ae 67. x = —2 69. y=x-1 eter cae 73. y= —-x +3 75. y = 1200x. The height of 
the plane 11 min after takeoff is 13,200 ft. 77. y = —0.032x + 16. After the driver has driven 150 mi, there are 11.2 gal 


in the tank. 83. Answers will vary. Possible answers are {(0, 4), (3, 2), (9, =D}. 85. f(4) = O- 87 y=-2x +1 


SECTION 4.6 


3,5 5. 7 7. The lines are perpendicular. 9. No, the lines are not parallel. 11. No, the lines are 


not parallel. 13. The lines are perpendicular. 15. The lines are parallel. 17. The lines are perpendicular. 
19. No, the lines are not parallel. 21. The lines are perpendicular. 23. y= ox = : 25. y= ay 
3 3 
Lai oe Avia : 
Pah 5) = Ta oe 29. y = —2x + 15 31. Bee yi 33. Any equation of the form y = 2x + b where b # —13 
or of the form y = ~Ss +c where c # 8. 
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SECTION 4.7 
3. yes 5.no.,- 7. 






a 


CHAPTER REVIEW 
3. (8,0) and (0, -12) [4.3B] 4-1 [4.2A] 











([4.1A] [4.1B] 


b. The abscissa of point A is —2. 


c. The ordinate of point B is —4. 
6. 7. 





[4.3A] 


[4.3B] 


9.0 [4.4A] 10. [4.4A] 11.0 [4.2A] 12. 


[4.3B] 





[4.3A] 


5 
14. y= -5x -+ [45B] 15. y=-5x+16 [45a] 16. y= 2 [4.6] 
' 
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17. y=2x +1 [4.6A] 18. y = 80x + 25,000. It will cost $185,000 to build a house that contains 2000 ft?. [4.5C] 








19. 20. y 
& 200,000} 
3 
& 
= 100,000 
8 
1000 2000 
Minutes Square feet [4. 1 Cl 
The cost of 50 min of access time for one 
month is $97.50. [4.3C] oe 8 
CHAPTER TEST 
1. (3, —3) [4.1B] 2 O aA 3. y 4. 
2 80 
[o} 
2 60 
ia 
3 40 
= 50 
4 Soe 
Reading score [4. 1 C] 
bon 6. 


7. y 





[4.3A] [4.3B] ice [4.4B] 
8. 9. 10. v 
g 
& 
9 
[4.7A] [4.7A] a 





1 2 3 4 
Time (in seconds) 


After 1 s, the ball is traveling 96 ft/s. [4.3C] 


Ailey -S + 175. When the tuition is $300, the enrollment will be 85 students. [45€] 


12. 


2 


13. (2,0) and (0, —-3) [4.3B] 14. 2 [4.44] 


Ww 
S 
So 


is) 
So 
So 


S 
o 





Distance (in miles) 


0 


Time (in hours) 


After 4 h, the car has traveled 220 mi. [4.3C] 


2 
15. The slope is undefined. [4.4A] 16. oy [4.3B] a ox +3 [4.54] 18. y= — -5 [4.5B] 


\ 


19. y=-3x+7 [46A] 20. y= ox +2 [4.6A] s 


CUMULATIVE REVIEW 


le SS) ANY 22 0:85 91 2B] 3. 9V5 [1.2F] 4. —-12 [1.3A] 5. -2 [1.4A] 


6. —4d—9 [1.4B] Toe] 8. =13% +79) (1-4) 9. 


=o) 4 3) 20) ese Aes 


3 
10.5 [222A] 11.1 [2.2C] 12. {x|x > -1) [244] 13. [2.4B] 14. {slo<x< | [2.5B] 


[i.5C] 
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15. f(2)=6 [4.2A] 16. Theslopeis2. [4.4A] 17. 





18, 19. 





[4.3B] [4.4B] [4.7A] 
1 3 
21. y= ra 2 [4.5B] 22. y= 75% +7 [4.6A] 23. The first plane is traveling at 400 mph. The second 


plane is traveling at 200 mph. [2.3D] 24. 20 lb of $6 coffee and 40 lb of $9 coffee should be used. [2.3A] 

















25. The slope is a The value of the house decreases by $3333.33 each year. [4.4A] 
oe Answers to Chapter 5 Selected Exercises 
PREP TEST 
1. 6x + 5y [1.4D] 2.7 ([1.4A] 3.0 [2.2A] ‘Mo =8 (P2Cl 5. 1000 ([2.2C] 
6 y Z 8. 

ah 

2 

<7ir (| a —4 
va 8 [4.3A] [4.3B] oo - oo : [4.7A] 

SECTION 5.1 
1. no 3. yes 5. no 7. yes 9. independent 11. inconsistent 


13. 15. 17. 






































Coal 





APS Viarici@ =1). The olition is (4 =D). The solution is (3, —2). The lines are parallel and 

ees) therefore do not intersect. 
The system of equations has 
no solution. 





A14 Chapter 5 


29. y 31. 33. 




















The equations are The solution is (0, —3). The solution is (1, 0). 
dependent. The 
solutions are the 


J 2 
ordered pairs (. 5% = 2), 


17 7 
35. (4, 3) S774) 39. (3, 2) 41. inconsistent A3: (x52, =) “NS (sy, = 0) 47. (Z. -2) 


49. (4.3) 51.°(2,,3) 532 (0,0) "$5. 3h 4) 57. (6. 1) 9G 61 Gis) 


63. (-2,2) 65. 1 67. The assertion is false. The solution is (0, 2). 69. (—2, —0.4) 71. (0.54, 1.03) 
SECTION 5.2 
1. (6, 1) &% Gi, il) sy, (Ps il) Th (=2, 1) 9. The equations are dependent. The solutions are the ordered pairs 


(x, 3x — 4). 11. (-$. 2 13. The system is inconsistent and therefore has no solution. 15. (—1, —2) 


2 2 
17. (—5, 4) 19. (2,5) 21. (. ;| 23. (0, 0) 25. (—1, 3) 27. (2,-3) 29a Gees) aM (2, =1)) 
il 2 Bal Sas ; ; 
33. (10, —5) 35. oo ae 39. The system is inconsistent and therefore has no solution. 


41. (1, -1) 43. (2, 1, 3) 455 (1 = 2) 47. (1, 2, 4) 49. (2, —1, —2) SiG ees) 53. The system is 
inconsistent and therefore has no solution. Bish (il, a iD) Lyk (ily 8, 2) Ee = 1, 3) 615 (07250) 637 (175; 2) 


2 1 
65. (—2, 1, 1) 67. A=3,B=-3 69a. 14 b. 3 Cc. 5 71. A= 1 


SECTION 5.3 
AMI il@/ 1 
=}, hal 5. 18 7. 0 9. 15 11, —30 13. 0 155,(G; —4) WA @, =i) 19. ak a1 21. >? i) 
23. The system of equations is not independent. 25. (—1, 0) 74}. (ily = 11, 2) 2952S) 31. The system of 
eat es 68 56 8 ea . , 
equations is not independent. 33. (3 55s =| 35. (2 ,—1, ;| 37. The area is 239 ft?.. 39a. 0 b. 0 


SECTION 5.4 


1. The rate of the boat is 15 mph. The rate of the current is 3 mph. 3. The rate of the plane is 502.5 mph. The rate of 
the wind is 47.5 mph. 5. The rate of the team is 8 km/h. The rate of the current is 2 km/h. 4, 7. The rate of the plane is 
180 mph. The rate of the wind is 20 mph. 9. The rate of the plane is 110 mph. The rate of the wind is 10 mph. 


11. The rate of the motorboat is 13 mph. The rate of the current is 3 mph. 13. The rate of the cabin cruiser is 15 mph. 


The rate of the current is 3 mph. 15. The cost of the cinnamon tea is $2.50/lb. The cost of the spice tea is $3/lb. 


17. The cost of the wool carpet is $52/yd. 19. The company plans to manufacture 25 mountain bikes. 21. You have 


$1500 in the 6% account and $3500 in the 8% account. 23. The measure of the smaller angle is 9°. The measure of the 


larger angle is 81°. 25. The manufacturer charges $4000 for each model VI. 27. There were 190 regular tickets, 210 
student tickets, and 350 member-discount tickets sold. 29. The original number is 84. 
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SECTION 5.5 




















CHAPTER REVIEW 








[5.1A] Bee PNCET LPs day [5.5A] 


The solution is (—5, 0). 


i. (3 2) [5.1B] 6. (=3,7-4) [15-1B] (2, 10) (5,113 8. (= 251)2 [5.2A] 


The solution is (3, 4). 





9. The system is inconsistent and therefore has no solution. [5.2A] 10. (1,1) [5.2A] 11. The system is inconsis- 


tent and therefore has no solution. [5.2B] 12. (2, -1, —2) [5.2B] 13. 10 [5.3A] 14. —32 [5.3A] 
Te lO 5 02 brs 6 2) 
Se 5 lan eae 5.3B Tes |= = 5.3B 18. (0, —2,3) [5.3B] 19. The rate 
15. ( 37 | [5.3B] 16 (=. 4] [5.3B] [: 55 L | ( ) 
of the plane is 150 mph. The rate of the wind is 25 mph. [5.4A] 20. The cost of the cotton is $18/yd. The cost of the 
wool is $28/yd. [5.4B] 


CHAPTER TEST 


1. [6 -5) [5.1B] 2. (—4, 7) [5.2A] 


A16 Chapter 5 


-25 - ;] [5.1B] 6. [ =x - 2 [5.2A] 











[5.1A] 


The solution is (0, 3). The equations are dependent. 
The solutions are the ordered 
pairs (x, 2x — 4). 


753,102), (5:28) 325, 22,73) [5.2B] 9. 28 [5.3A] 10. 0 [5.3A] 11. (3; ~1)° [5.3B] 
ae [5.3B] 13 iGale 3, 4). (oss Bi WCE CE Sp sy) site| 


WA (2,19) eile 18. The rate of the cabin 











aeane [5.5A] orga 15 SA 

cruiser in calm water is 16 mph. The rate of the current is 4 mph. [5.4A] 19. The rate of the plane in calm air is 
175 mph. The rate of the wind is 25 mph. [5.4A] 20. On Friday evening, 100 children attended the movie 
theater. [5.4B] 


CUMULATIVE REVIEW 
ih 6 V 108 TOR 2"22 (220) sas od [14D] Sa) 24 yaaa eee {x|x <6} [2.4B] 
6iix| 4% <8) [25B] 7. fle>4or<c= 1) [2.5B] 8. FO)= 1 142A) 


2 5 
9. +++ +4 HHH + SCOCSC[L.C] 10. y=—=x+ 5 [4.5A] ily roe al [4 5B) 


S524 23 221 10.13) 3)4 5 S 


3 











[4.4B] [4.7A] 


15. 172) 0 ol) eis 2B a 18 eo eersal 








[5.1A] [5.5A] 


The solution is (2, 0). 
19. (2, —3) [5.3B] 205 Goa) Dal Bi 21. 60 ml of pure water must be used. [2.3B] 22. The rate of the 
wind is 12.5 mph. [5.4A] 23. One pound of steak costs $10. [5.4B] 
limit is 13,800 ohms. [2.5C] 
dollars in sales. [4.4A] 


24. The lower limit is 10,200 ohms. The upper 
25. The slope is 40. The slope represents the monthly income (in dollars) per thousand 
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@ Answers to Chapter 6 Selected Exercises 


PREP TEST 
Pete iC! e218) (11D 3. 2 [11D] 4. -12y [14C] 5.-8 [1.2E] 6. 3a- 8b [1.4B] 


Ty Wile = is a) [1.4D] 8.0 [1.4B] 9. No [1.4B] 








SECTION 6.1 
1. a is the multiplication of two exponential expressions. b is the power of an exponential expression. 3. a4b4 
Ee Sa teheye Te cceyy® CH telecine: Me 729a°b° 13. x>y1! 15. 729x® 17. a'8p}8 19. 4096x!2y!2 
21. 64a*4b!8 Pas Fete PAS, sere 27. a2"’-6n PBS, GSE ND Sik, SG p ae SB, SNA ote” 
L6ptynss Tpit ath’ ca J ! : 
Sone OX V2 37. —432a’b 39. 54a!3b"7 41. 243 43. > 45. 47. = 49. — 517 — = 53. =. 
? 4 y4 D) 9 ys 
1 a 1 y® ie 1 1 16x8 
es =a Wi geen ahs corey 6a Seta b SS » = SS ia ere rrErT| fare ree 
x oy 10 ee b° Sic tence We we’ Ac enta  OE 243abe wee Rlyee es 
oa. 9a 16x? 1 1 1 ie 8b! 
3a ky Sa : by aes Pa eros Vise cae ee <a 
4b3 5 8b® a yo b*” 81 nyo 83 Vv 85 yon 87 y?® 89 3q'8 


ile Goh <0 GEL dle 3S Ue 95: 2 x 101! 97. 0.000000123 99. 8,200,000,000,000,000 101. 0.039 

103. 150,000 105. 20,800,000 107. 0.000000015 109. 0.0000000000178 111. 140,000,000 113. 11,000,000 
115. 0.000008 117. Light travels 2.592 < 10!° km in one day. 119. The signals traveled at 1.081 x 107 mi/min. 

121. The centrifuge makes one revolution in 6.6 X 1077s. 123. The sun is 3.38983 X 105 times heavier than Earth. 

125. One orchid seed weighs 3.225806 x 1078 oz. 127. The Coma cluster is 1.6423949 x 10?! mi from Earth. 


SECTION 6.2 

1. P(3) = 13 3. R(2) = 10 5 (Sel I Vee Sil Ih 3 Cs? 

9. The expression is not a polynomial function. 11. The expression is not a polynomial function. 
fs:awoe D277 C:03 15:asesD-- bs 2. 'c. 3 17.a. 14 b. 14 c. 0 

19. 21. 23. 7Asy, (he —= (045 PD) 





PA fp, ee Phe), SW? = Gi Sil, 1ae = Gare 2 33) PO) Re) = 3x7 — 3x 2 
35. P(x) — R(x) = 8x? — 2x +5 37. S(x) = 3° — 8x? + 2x; S(2) = 20 39.ak=8 bk=-4 


SECTION 6.3 


1s eae Bh. Spee > 7B 5. 3a 6a? Ta 5x 5x? 9. —3x° + 7x3 Nh, 12a — exe? (eh, Ge = 12s 
15. 3x? + 4x 17. —x3y + xy? 1 Dee Bie! ar 285 21. 2a3 + 3a* + 2a 237 exo oe 

25. —6y4 — 12y3 + 14y? 27., —2a? — 6a* + 8a 29) 6y2 = 3y 2 Gy? 31. x2y-= 3x*y? + xy? 

Soe axe bx 2 35.74? = 6a? + 13a = 12 37) —2b3)+ 7b2b 196 20 39) =602 8 kk? S40 
Ate? 36" xn = 15 43. x4 — 4x3 — 3x? + 14x - 8 45. 15y> = 16y7 — 70y + 16 

47. 5a* — 20a3 — 5a? + 22a — 8 49. yA Ay? = y? = Sy + 2 GN a am Ale aso) Ee 0 al = 12 55. y? — 5y — 24 
57. y? — 10y + 21 59. 2x2 + 15x + 7 61, 3x7, Iie > 4 63 44° Six 21 65. 3y2 — 2y — 16 

67. 9x2 + 54x + 77 69. 21a? — 83a + 80 71. 6a2 — 25ab + 14b? 73. 2a? — 1lab — 63b? 

75. 100a2 — 100ab + 21b? 77. 15x? + 56xy + 48y? 79. 14x? — 97xy — 60y? 81. 56x? — 61xy + 15y? 

85) y7— 25 S7i4x 9 89.37 20+ 1 91. 9a2 — 30a + 25 93. 9x? — 49 95. 4a2 + 4ab + b? 

97; 16 —9y" 99. 25x? + 20xy + 4y? 101. The area is (10x? — 35x) ft?. 103. The area is (4x? + 4x + 1) km’. 


A18 Chapter 6 


105. The area is (18x? + 12x + 2) in?. 107. The area is (4x? + 10x) m?. 109. The total area is (3000 + 60w) yd?. 
111. 4ab 113. a> + 9a? + 27a + 27 115.a. 7x2 — 11x —8 b. x3 — 7x?-—7 


























SECTION 6.4 
2) 3 2 
2 : + : a fl ae 9 4xe 66 Oe 
Aes apts) oe ese 523% 4) pre Ws. 368 45 7 eat Xx x eee 
1 
he es ee 13. x2 = 3% = 10 15 ee 17.22 = 377 4 = 4 
Dye c= 5) w= 3g 
x+2 Oke Sie fs} = OX Neal 
Ce = 2 ————— x? -— + 4 ———_—— ZA, Dip = i PAh. Sh6 = ts 
oe arenes PAS Se Si Gal ee ae 23. x 2x + 4 ean oe 
8 
cee nea Sh AR = Bee oe 33. 4x2 + 8x + 15 + Shs), ae? = Bis ae = 
xe = g— 2 x+4 
33 D 155 
37. 3x3 + 2x2 + 12x +19 + B99 SRS Ee A ae AT De? Fe Oak tl ime 51 he 3 43:76) 0 
x= EX - 


45. P(3) = 8 47. R(4) = 43 49. P(—2) = —39 51. Z(—3) = —60 53. Q(2) = 31 55. F(—3) = 178 
57. P(5) = 122 59. R(—3) = 302 61. O22) =0 ~ 63. R(—2) = —65 65:4, a* —ab + dD 


1 3 
b. x* — x3y + x4y? —xy? +4 cox’ — xty tix3y? — x2ysit xyt — y5 67.a. oe + rss 1 


ee ee 64 any 3h + 56 
2 ee toe + + og, 2? —x + 1 Hs 0 a? + ee +: 17 + 
Re Pape? a essere an a Ec isek: - ee 
CHAPTER REVIEW 


A 04-0" (0, 1A) 2. 9x4y [6.1A] 3. 


10 


Cc 
2b" 





[6.1B] 4. 0.00254 [6.1C] 


1 5 4 
5. -7 [6.2A] 6. 4x? — 8xy +5y? [6.2B] 7.2 [61B] 8. —54a!b%7 [6.1A] 
Z 


10.a.3 b.8 c.5 [6.2A] 11. 1 [6.4C] 12. —8%? — 14x? 18%" [e.3A] 





cate [6.2A] 
13. 8a°b3 — 4a*b*4 + 6ab> [6.3A] 14. 6y? + 1792 = 2y\— 21 [6.3B] 15. 10a? + 31a — 63 [6.3C] 











Uh es NO IS Ke] 17. 25y? — 70y + 49 [6.3D] 18. 5x + 4+ 3 5 [6.4A] 
wee 
; 50 : 252 
19. 4x2 + 3x —84+ ee [6.4B] 20. x3 + 4x2 + 16x + 644 74 [6.4B] 21. 8,100,000,000 [6.1C] 
mee 
Day? 
22. ~ 353 [6.1B] 23. 25a? — 4b? [6.3D] 24. 68 [6.4C] 25. 21y? + 4y — 1 [6.2B] 


26. 12b° — 4b+ — 6b3 — 8b? +5 [6.3B] 27. a2 — 49 [6.3D] 2857.65 X 10% [64C] 


29. The area of the Ping-Pong table is (2w2 — w) ft?. [6.3E] 30. The Great Galaxy of Andromeda is 1.291224 Xx 10! mi 
from Earth. [6.1D] 31. There are 6.048 X 105s in one week. [6.1D] 32. The area is (9x2 — 12x + 4) in2. [6.3E] 
33. The area is (10x? — 29x — 21) cm?. [6.3E] : 


MAS 
\ 


CHAPTER TEST 





2 : \ 
[6.4A/6.4B] 


4 
1. 4x3 — 6x? [6.3A] 2, =8 [6:4C] 3. am [6.1B] 4. —6x*y° [6.1A] uy ee i) ae 
Lae 


10 " 
6. x3 — 2-4 = = 6 Oe 
af Use tie 15) (638 7. —8a°b? [6.1A] 8. 10 [6.1B] 9. a* + 3ab — 10b2 [6.3B] 10. =3 [6.24] 


11.x +7 [6.4A/6.4B] 12. 6y4 — 9y3 + 18y2 [6.3A] 13. —4x4 + 8x3 — 3x? — 14x + 21 [6.3B] 
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Wb 
14. 16y2—9 [63D] 15. a4b7 [6.1A] 16. 8ab4 [6.1B] 17. as eB ane18. 85a) sd — 4a 3 eR] 
a 
419. Ay? — 20ene 25% [6. een ee 
+25 [63D] 20. x? Sx +10-—. [6.4A/6.4B] 21. 10x? ~ 43xy + 28)? [6.3] 


22,,3%° + 64% — 8x +3 [6.2B] 23 oL028 x 10n 7 Gn 24. The mass of the moon is 8.103 X 10!% tons. [6.1D] 
25. The area of the circle is (ax? — 10ax + 25m) m2. [6.3E] 


CUMULATIVE REVIEW 


oo 5 
tee orand one, 0A] 2. —83 [1.1B] SOM ESA 4. ig [1.4A] 5. —50V3 [1.2F] 6. The Inverse Property 
of Addition [1.4B] Ja also 6 [4D] 8. 2 [2.2A] 9. a [2.2B] 10. —1 and = [2.5A] 


1 
11. 18 [4.2A] 12. Yes [4.2A] 13. ae [4.4A] 14. y= -S. +5 [4.5A] 15. y = ox a < [4.6A] 


Te aah wee AR 
16. (-2. 3) [5.3B] 17. (-2. 2,2 [5.2B] 18. 5x — 3xy [1.4B] 19. 4x3 —7x +3 [6.3B] 


5 


20. 5.01 10 [6.1C] 21. oy ae ORS 





[4.3B] [4.7A] 


y? 


23. 
25x° 





25. pa [6.1B] 26. [6.1B] 





Sues [5.1A] [5.5A] 

The solution is (1, —1). 
27. The two integers are 9 and 15. [2.2D] 28. 40 oz of pure gold must be used. [2.3A] 29. The cyclists are 
traveling at 5 mph and 7.5 mph. [2.3D] 30. $4500 must be invested at an annual simple interest rate of 10%. [2.3C] 
31. The slope is 50. The slope represents the average speed in miles per hour. [4.4A] 32. The length is 15 m. 


The width is6m. [3.2A] 33. The area is (4x2 + 12x + 9) m?. [6.3E] 


& Answers to Chapter 7 Selected Exercises 


PREP TEST 
foes Salt Dl) 2 -i2y 415 [14D] ~3. -a Fb (14D) 4-32 43d [14D] * 5.0 [2-1B] 


6. 3 [2.2A]) 7. x2 2-24 [63C] 8 6x?-11x-10 [63C] 9.x? [61B] 10. 3xy [6.1B] 


SECTION 7.1 - 

4. 5(a. 1) 3482 = 45) 5. 4(2x + 3) 7eeO(oa =al) 9. xix +3) 19023 = 5a) 13. y(14y + 11) 

15. 2x(x3 — 2) 17. 2x2(5x?2 — 6) 19. 4a5(2a3 — 1) 21axyvays 1) 23:\3xy(xy? =22) 25. xy(x — y?) 

27. 5y(y2 = Ay + 2) 29. 3y2(y? — 3y — 2) 31. 39G —137s4-8) 33., a2(6a? — 3a — 2) 35. ab(2a — 5ab + 7b) 
37. 2b(2b4 + 3b? — 6) 39. x2(8y? — 4y + 1) Aiga2*(2a?™ 71) AZ. y2"(y?% 4 1) 45.,b(D* = 1) 





A20 Chapter 7 


AT (Gataz) (yaa 7) 49. (a — b)(3r +s) 51. (m — 7)(t — 7) 53. (4a — b)(2y + 1) BBP 2a Ae 2y) 
57. (p —2)(p—3r) 59. (a+ 6b-—4) 61. (22-1)z+y) 63. (4v + 7)(2v — 3y) «6B. (2x — 5)(x — 3y) 
G7 Ga) Gyr a) 6IMGAnS 3) Guat) ls (GS 2 KG = BD 73a. 28 b. 496 


SECTION 7.2 


1. @ + 1)@ + 2) 3. (« + 1)@ — 2) 5. (a + 4)(a — 3) 7. (a — 1)(a — 2) 9. (a + 2)(a — 1) 11. (6 — 3) — 3) 
13. (b + 8)(b — 1) 15S Gye il) (yee) U2. Go = AiGn— Bh) O(a) (eee) 215 (Geis) (Geel) 

23. (p + 3)\(p + 9) 25. (x + 10)(x + 10) 27. (b + 4)(b + 5) 29. (x + 3)(x — 14) 31. (b + 4)(b — 5) 

33. (y + 3)(y — 17) ai (Gp ae Ba — 1) 37. nonfactorable over the integers 39; @ {aye 15) (th, (Ger INGE = 8) 
435 (1-8) — 7) 45. (a + 3)(a — 24) 477 (a— 3)\(@— 12) AS) (2a Siz — U7) 51: (= Dea 10) 

es (eae ANG se ID) 55. (c + 2)(c + 17) 57. ( + 8)( — 12) 5S (3) (alt) 61. ©} 15) — 7) 

63. (a + 3)(a — 12) 65. (b — 6)(b — 17) 67. (a + 3)(a + 24) 6S Cae 2) concn sy) TASGaO) (nO) 

73. 2¢ + 1)@+2) 75. -~+2)%-9) 77. a(b+5)\(6-3) 79. x(y—2)(y—3) 81. 2(z-—3)z—-—4) 

SSr 3)! V2) (13) 85. 3(a + 4) — 3) 87. 5(z + 4)(z — 7) 89. 2a(a + 8)(a — 4) Chl (Ge = Ais. shy) 

93. (a — 4b)(a — 5b) 95. & + 4y)(x — 7y) 97. nonfactorable over the integers CEE ae = DR = 7) 

101. b2(b — 10)(b — 12) 103. 2y?(y + 3) — 16) 105. 4x2(@ + 8)( — 1) 107. 4y@ + 7)(x — 2) 

109. c(c + 20)(c — 2) 111. —4x(« + 3)(« — 2) 113. (y + x)(y — 8x) 115s Giaee iz)7 32) 117. (vy = 1532) 
119. 4y(x + 1)(« — 18) 121. 4x(x + 8)(x — 5) 123. 52(z + 2)(z — 12) 125. 5x(x + 2)(x + 4) 127. 4(p + 8)(p — 15) 
129. p*(p + 8)(p — 7) 131. (a — 5b)(a — 5b) 133. (x + 10y)(« — 6y) 135. 6x(x — 5)(x + 4) 137. v(x + 6)(x — 9) 
139. k = —36, 36, —12, 12 141. k = 22, —22, 10, -10 143. k =6, 10, 12 145. k = 6, 10, 12 147. k=4,6 


SECTION 7.3 


1. (x + 1)(2x + 1) 3. (7  3)@y = 1) 5. (a — 1)(2a — 1) 7. (b — 5)(2b — 1) 9. (x + 1)@x — 1) 

11. @ — 3)(2x + 1) 13. (¢ + 2)(2t — 5) 15 (ist) (SO aD) 17. 3y — 1)(4y - 1) 19. nonfactorable over 

the integers 21. (2¢ — 1)@Gt — 4) 23. (x + 4)(8x + 1) 25. nonfactorable over the integers 27. (3y + 1)(4y + 5) 
29. (a + 7)(7a — 2) 31. (6 — 4)(3b — 4) 33. (z — 14)(2z + 1) 35. (p + 8)(3p — 2) 372 2 - 1) (20> 1) 

Soo Viens) (Gyi— 1) 41. x(x — 5)(x — 1) 43. b(a — 4)(3a — 4) 45. nonfactorable over the integers 

47. —3x(x — 3) + 4) 49. 4(4y — 1)(5y — 1) 51. z(2z + 3)(4z + 1) 53. y(2x — 5)(3x + 2) 55. 5(¢ + 2)(2t — 5) 
57. p(p — 5)\3p— 1) 59. 2(¢ + 4)(13z- 3) 61. 2y(y — 4)(Sy— 2) 6B. ye(z + 2)(42- 3) 65. 3a(2a + 3)(7a — 3) 
67. y(3x — 5y)(3x — 5y) 69. xy(3x — 4y)(3x — 4y) 71. (2x — 3)(3x — 4) 73. (b + 7)(5b — 2) 75. (3a + 8)(2a — 3) 
77. (z + 2)(4z + 3) 79. (2p + 5)(11p — 2) 81. (y + 1)(8y + 9) 83. (6¢ — 5)(3t + 1) 85. (b + 12)(6b — 1) 

87. (3x + 2)(3x + 2) 89. (2b — 3)(3b — 2) 91. (3b + 5)(11b — 7) 93. (3y — 4)(6y — 5) 95. (3a + 7)(5a — 3) 
97. (2y — 5)(4y — 3) 99. (2z + 3)(4z — 5) 101. nonfactorable over the integers 103. (2z — 5)(5z — 2) 

105. (6z + 5)(6z + 7) 107. (x + y)(3x — 2y) 109. (a + 2b)(3a — b) 111. (y — 2z)(4y — 3z) 113 (eZ 71) Gara) 
115. —(@ — 1)(« + 8) 117. 3@ + 5)\Gx — 4) 119. 4(2x — 3)(3x — 2) 121. a*(5a + 2)(7a -— 1), 123. 5(b — 7)(3b — 2) 
126. (= 7y)(3x = 5y) 127. 3(8y — 1)(9y + 1) 129. —(x — 1)(@@ + 21) 131. (5a + 7b)(3a — 2b) 

133. —z(z + 11)@ — 3) 135. (3a + 2)(a + 3) (eye ek =, =9), 5, 5 139. k =7, —7,5, —5 


SECTION 7.4 


1. 4; 25x; 100x4y4 3. 424 5. 9a2b3 7. (x + 4) - 4) Ch (G2e=e Og — ily 11. (4x + 11)(4x — 11) 

13. (1 + 3a)(1 — 3a) 15. (xy + 10)(xy — 10) 17. nonfactorable over the integers 19. (5 + ab)(5 — ab) 

21. (a® + 1)(@" = 1) 23. @ — 6)2 25. (b — 1) 27. (4x — 5)? 29. nonfactorable over the integers 

31. nonfactorable over the integers 33. (x + 3y)? 35. (5a — 4b) 37. (x" + 3)2 39) & De = 1) 

41. (x«-y+a+t+b\x-y-a-—b) 43. 8; x9; 27c15q18 45. 2x3 47. 4abé 49. (x — 3)(x? + 3x + 9) 

51. (2x — 14x? + 2n +1) 53. (@ —y)@? +ay ty?) 55. (m+ n\n? — mn + n?) 57. (4x + 1)(16x2 — 4x + 1) 
59. (3x — 2y)(9x? + 6xy + 4y?) 61. (xy + 4)(x?2y2 — 4xy + 16) 63. nonfactorable over the integers 

65. nonfactorable over the integers 67. (a — 2b)(a? — ab + b?) 69. (42" + yn)(x4n = HAMM 4 y2n) 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Answers to Selected Exercises A21 


IN, (xt He 2)" = 24" 4-4) 73. (xy — 3)(xy — 5) ISa Gy = 5)@y = 12) Tl. (62 — 3) (26) 

79. (b?°+ 5)(b2- = 18) 81. (x2y2,— 2)(x2y? — 6) 83. (x” + 1)" + 2) 85. (3xy — 5)(xy — 3) 87. (2ab — 3)(3ab — 7) 
89. (2x? — 15)(x? + 1) 91. (2x" — 1)(x” — 3) 93. (2a" + 5)(3a" + 2) 95. 3(2x — 3)? 97. a(3a — 1)(9a? + 3a + 1) 
99. 5(2x +_1)(2% — 1) 101. y3(y + 11)(y — 5) 103. (4x? + 9)(2x + 3)(2x — 3) 105. 2a(2 — a)(4 + 2a + a?) 

107. b*(ab — 1)(a?b? + ab +1) 109. 2x2(2x — 5)? 111. (2 + 2x + ye —y) 198. (x2 + y2)(x4 — x2y? + 4) 

115. nonfactorable over the integers 117. 2a(2a — 1)(4a? + 2a + 1) 119. 2b2(3a + 5b)(4a — 9b) 1215 Ge —2)7Ge=- 2) 
123. (x + y)(x — y)(2x + 1)(2x — 1) 125. x(x" + 1)? 127. b"(3b — 2)(b + 2) 129. The dimensions are (4x + 3) m 


by (4x + 3) m. Yes, x can equal 0. The possible values of x are x > -=. 


SECTION 7.5 
i 5 i! 
3.90n > Be eye TEMES Ch O, iy ‘us (= ey Oh, == 15,8, —3 7 Oil Well 19.7 — 
4 2 AA 
vi Vi 2 Bye} 
P| |e, te Zeh shes) 745). tay =) 2) 4 29 ; _ es Ages 
4 A 3 3°92 Sle OD 33. 0, 4 Shy Shy (3 37 1,8 
5 6 
39. 3° =r, 41. 5” 2. AS eel ADS 3S 47. 5, —4 49. 3,5 vile iS 1! be}, (oy, 6) Bey bs 
3 
572 1255 59. a =2 61. The number is —3. 63. The numbers are 3 and 5. 65. The integers are 8 and 10. 
67. The length is 38 cm, and the width is 10 cm. 69. 18 consecutive natural numbers beginning with 1 will give a 


sum of 171. 71. There are 10 teams in the league. 73. The object will hit the ground 4 s later. 75. The ball will 
be 64 ft above the ground 2 s later. 77. The height of the triangle is 14 m. 79. The width of the border is 1.5 ft. 
81. The radius of the original circle is 3.81 in. 83. The length is 20 in., and the width is 10 in. 85. 1,18 


CHAPTER REVIEW 


1. 5a(02 + 2% +7) ([7.1A] 2. 3ab(4a +b) [7.1A] 3}, TAO = Thy ae 1) (a iWAN 4G — 3)4e 5s) asi 
Hag) Os e2y)) (7.1 Bl 6. (3a — 5b)(7x + 2y) [7.1B] 7. (6b — 3)(b — 10) [7.2A] 8. (€ 6G 2)) [7 2Al 
9. (vy — 4)(y + 9) [7.2A] 10. 3(a+2)(a—7) [7.2B] 112 43(Ge — 6) Gae D) 17-28) 12. n2(n + 1) — 3) [7.2B] 
13. Qx — 7)(3x — 4) [7.3A] 14° (Gy — 1)@y t+ 3) [7.3A] 15. nonfactorable over the integers [7.3A] 

16. (3x — 2)(x — 5) [7.3B] 17. (2a +5) — 12) [7.3B] 18. (6a — 5)(3a + 2) [7.3B] 

19. (xy + 3)(y — 3) [7.4A] 20. (2x + 3y)? [7.4A] 21. (x" — 6)? [7.4A] 22. (4a — 3b)(16a2 + 12ab + 9b?) [7.4B] 
23. (3x2 + 2)(5x2 — 3) [7.4C] 24. (7x2y?2 + 3)(3x*y? + 2) [7.4C] 25. 3a2(a2 + 1)(a2 — 6) [7.4D] 


26. and —7 [7.5A] 27. —3and7 [7.5A] 28. The length is 100 yd. The width is 60 yd. [7.5B] 


1 ae 
29. The width of the frame is : iby Ore I Sy tia (Ore 1S iva, (E7831 30. The length of a side is 20 ft. [7.5B] 


CHAPTER TEST 
1. (6 + 6a —3) [7.1B] 2. 2y%y+ Wy — 8) [7.2B] 3. 4@v + 4)(2x— 3) [7.3B] 4. 2x + DGx+ 8) [7.3A] 


1 
5. (a — 3)(a — 16) [7.2A] 6. 2x(3x2 — 4x + 5) [7.1A] Wh es SING = BS) AN 8. a a5} [7.5A] 


9. 5(x2 — 9x — 3) [7.1A] 10. (p + 6)? [7.4A] 11. 3and5_ [7.5A] 12. 3(x + 2y)? [7.4D] 
13: (3x — 2)(9x? + 64+ 4) [7.4B] 14. 3y2(2x + 1)(x +1) [7.3B] 15. (2a2 — 5)(3a2 + 1) [7.4C] 
16. (x — 2)(a + b) [7.1B] 172 (p FG =) [7.1B] 18. 3(a + 5)\(a—5) [7.4D] 19. nonfactorable over 


the integers [7.3A] 20. (x + 3)(x — 12) [7.2A] 21. (2a — 3b)? [7.4A] 22. (2x + 7y)(2x — Ty) [7.4A] 


23 2 and —7 [7.5A] 24. The length of the rectangle is 15 cm, and the width is 6 cm. [7.5B] 25. The numbers are 
Fs : 


3and 7. [7.5B] 


A22 Chapter 8 


CUMULATIVE REVIEW 
1.7 (11C] 2.4 °[1.3A] 3.7=7 4A) 4s 5x2 aCe zan ea) 6. = 221Ch 2: 


[2.2B] 


8.3 [2.2C] 9. 45 [2.:1D] 10. 1 [4.2A] 11a ee 





ae [4.3A] CePirrt eri? [4381 
13.7 = =x +6 [45A] 14. (1,6) [5.1B] 15. (-1,-2) [S.2A] 16. 9a%? [6.1A]S"* 17 <2 — 3x27 — Gx £8 [3B 


6 


18. 4x + 8 + [6.4A] 19. a [6.1B] 20. G@=— DG — 2%) (7B) 21. 5xy?2(3 — 4y2)° [7.1A] 





2 
2x3 
22 Cote.) Const) LED A 23. . zune! = 7) | 7/Sy\]| 24. ; and 4 [7.5A] 25. The third angle measures 59°. [3.1C] 
26. The width is 15 ft. [3.2A] 27. The pieces are 4 ft long and 6 ft long. [2.2D] 28. $6500 was invested 
at 11%. [2.3C] 29. The distance to the resort is 168 mi. [2.3D] 30. The length of the base of the triangle 
is 12in. [7.5B] 


ei Answers to Chapter 8 Selected Exercises 









































PREP TEST 
MOND BWNE sem (ioD) 63/22 tiepl. 4. cle ask [2c] 6+ [14a] 7 
ae ae eae: on (EE ney Ke oy UA el 2 
8.— [2.2C] 9. 110 mph, 130 mph [2.3D] 
SECTION 8.1 
8) 1 2) 3 a 2 View i ap 5 x +4 
ny Tiel WES ee fe cA1 bee 3 os — 
4x x+3 3 4x 2, ie x ui y-3 ee Aas 
x+2 2(x + 2) 2x — 1 x+7 35ab? 4x3y3 ae te 
3, -—_= = 27 S = x = 
x+5 Gs Oe Ser x+6 * 24x2y 32 We ay aaa 
x?(x — 1) y(x -— 1) x+5 n—10 (x +2 
ae . 3 48. -ab? 45. eerie US x(x +2) x42 
y(x + 3) x(x + 10) = Ry TU id ae ere SH eset os 
ae B72 2 a 
oy eee ge typ . et. ag SEE G5 HEE gS regen eo) 
x— 12 40bx 3 2 y*(x + 2) y(x — 6) ax GTN oe) 
x+8 Qn 1 i =P) 8 
71.1 73. - 75. _— 
mA iS Nee ia 4 3y a 
SECTION 8.2 


1. 24x3y2 =e Shay 5. 8x2(x + 2) 7. 6x2y(x + 4) 9. 36x(x + 2)? 11. 6(x + 1)". 13. (x — 1) + 2)(x + 3) 
VSS (2x 3S) VI 1) G92) 99. 3 Gai) Gea) MTG Aa ae 
23. (x — 6)(x + 6)(x + 4) 25. (x — 10)@ = 8)@ + 3) 27. Gx = 2)\a = 3)@ #2) 29.) (x or 2) = 93) 











Zz 
31. (x —5)x+1) 33. (x — 3)(x -—2)(x- 1x6) 35. =e Ot yy ee ee 
ab ab? 18x*y’ - 18xy 
ay + 5a 6y a’y + Ta’ ay b be 
+=; = tt. 43g ae ee ae Aa Ov. 
BAG ey ipa) Wy +7?’ y+ IG= 4 7G = oe agar eget, 
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Answers to Selected Exercises 





A23 






















































































2 
47. a =~ 5 3 i a Qn? ee = 1 Beet Se 4 
Vo eee (aS) | (2x -1(e+4)’ (2x - 1)e + 4) “(@-—S5)e+5)’ (- 5) +5) 
FE 5 Se A gs, ain atl Biya apg) a= 
we \(x +2) (3x — 2)(x + 2) G+ 5)a—3)a+1)’  @Ww+5)@ —3)@ + 1) ye "aoe 4 
61. pa 2a 75 =3x% — 4 1 1 1 73 3 5 1 
at es x+9 2x + 7 we 5 “x—-6 ‘2y- 1 “x= 5 
79. 7 _ ‘81. gih 93. af 85. 120 spt 87. 21b + 4a 14x + 3 (she — 3) 93 wi 
5: 12a 12y 20y? 12ab 12x 6x 236 
— she = ihe 2 6x? + 5x + 10 2x? + 2 
er aw oe re 97. eee 99. =a 101. ae 103. eae 
3x 6x x+1 xy 
L6xy = 2 Fe: eee | ‘ 
105. xy = rae + 3x 107. 3xy — 6y a3 14x 109. 9x + 2 111 2(x + 23) 
ay 24x? (x — 2)(x + 3) “(x — 7)\(x + 3) 
2 2 ae 
113. 2x oS. 115. 4x See ie 117. Pgh — os) 4x +9 2 =ge ce © 
(x + 1)(« — 3) (2x — 1)(x — 6) aT (« + 3)(@ — 3) “(x + 2)(x — 3) 
8y ey sl ih 56 | a3) = 
123 th 125. (i eee Sp ee — a 
(y + 2) ey (a — 3)(a — 4) (x + 2)(x —5) EAD eerrar: “x +4 
4(2x — 1) 316 4 3 1 1 19,200 96,500 
ts == (EVE. 52 Dh =e eS 2 ee Se — as 
G+ S)e=2) yo Bare Cc raat ae ae 139a. = dollars b. Aare dollars 
c. $128 
SECTION 8.3 
& 2 War 3 2 (Qn 5) tet 2 x6 iy? 
Si Ly = i 
3 3 pita 5x + 36 a Ease Sa eM: 
17. 1 19, i Bk Rey pak 2 xi pes 
2x tk 455 Bs Dy = ih DSS a2 5 Ay 2 (Sie) 
5 1 y+4 
Sie SEL = 3 
3 x-1 ; 2(y - 2) 
SECTION 8.4 
1 1 
13 BY, il 5a Ue il 3), 4 lidieed ie =8 15. 5 17. 8 19. 5 21° —1 23. 5 
3 
25. The equation has no solution. 27. 2,4 29. 7: 4 31. 3 33. 4 37. 9 39. 36 41. 10 43. 113 
45. —2 Als LS 49. 4 Simos cm yey, 28) ia) 55. 22.5 ft 57. 48 m? 59. 6.25 cm 61. 6 in. 
63. 13 cm 65. The height of the flagpole is 14.375 ft. 67. The width of the ravine is 82.5 ft. 69. 20,000 voters 


voted in favor of the amendment. 
280 ml of soft drink. 
79. The person’s height is 67.5 in. 
player made 210 shots. 














SECTION 8.5 

2A d PV P—2W 

Pha 2— srs 7.5= 
1h b Sut : ky & 7 5 
A A Ss 2ar* 

= w= 19404. = 
arene A cone 
21a. S = z ae b. The required selling price is $180. 


71. There are 175 mi between the two cities. 


75. It would take 18 min to print a document 45 pages long. 


9. b, 


81. The first person’s share of the winnings is $1.25 million. 


_ 2A - hb, 
ee oh 


b. The height is 5 in. 


3V 
Mie S—— 
A 


73. There are 160 ml of water in 
77. The window should be 40 ft?. 


83. The basketball 


1357S =iG@ = Re 


c. The height is 4 in. 


c. The required selling price is $75. 


A24 Chapter 8 


SECTION 8.6 


1. It would take 2 h with both sprinklers working. 3. It would take both skiploaders 3 h working together. 

5. It would take 30 h with both computers working. 7. It would take 30 min with both air conditioners working. 

9. It would take the second pipeline 90 min to fill the tank. 11. It would take the apprentice 15 h to construct the wall. 
13. It would take the second technician 3 h to complete the wiring. 15. It would have taken one welder 40 h to com- 


plete the welds. 17. It would take one machine 28 h working alone. 19. The rate through the congested traffic is 


20 mph. 21. The rate of the jogger is 8 mph, and the rate of the cyclist is 20 mph. 23. The rate of the jet is 360 mph. 


25. The rate of the runner is 8 mph. 27. The rate of the car is 48 mph. 29. The rate of the wind is 20 mph. 
31. The rate of the gulf current is 6 mph. 33. The rate of the trucker for the first 330 mi was 55 mph. 35. The less- 
experienced helper can complete the job in 30 h. 37. The bus usually travels 60 mph. 


SECTION 8.7 


3. The profit is $80,000. 5. The pressure is 6.75 Ib/in?. 7. The object will fall 1600 ft. 9. The ball will roll 54 ft in 
Biss 11. At a rate of 65 mph, the time to travel between the two cities is 4.2 h. 13. The pressure is 112.5 lb/in?. 
15. The repulsive force is 80 lb. 17. y is doubled. 19. inversely 21. inversely 


CHAPTER REVIEW 


























b+y 7x + 22 x-2 x+6 Dae 
‘ : SSS SS : 7 = - a : 
‘One [8.1C] 2 50% [8.2D] 3 aT [8.3A] 4 Serer [8.1A] a [8.1A] 
Gy = 2)? by? x 
6. 62 .4B 7. > all é 1B === : 
[8.4B] Gis =D) [8.1C] 8 Ee [8.1B] 9 rae [8.3A] 
3x? —x 24x? — 4x? T — 2be 
10. e 3a} 11. a = ————_ , é : 
(2x + 3)(6x — 1)(3x — 1)’ (2x + 3)(6x — 1)(3x — 1) foes a 2b + 2c Waid pre Wace 
100m . - 1 PN) = B) 
ik} eS ; [8.5A] 14. The equation has no solution. [8.4A] 15. —; [84G) 16. 5 7 [8.2D] 
x y — 
1 4 
ee 2, © 18. (5x — 3)(2x — 1)(4e — 1) [8.2A] Uh 9 = SS ce 2 [IR SYAY 20. chai [8.1B] 
xa 3 9 he = al 


21.5 [84a] 22, ~—! 
x=) i 

ABC is 24 in. [8.4C] 26. It would take 6 h to fill the pool using both hoses. [8.6A] 27. The rate of the car 

is 45 mph. [8.6B] 28. The rate of the wind is 20 mph. [8.6B] 29. The pitcher’s ERA is 1.35. [8.4D] 

30. The current is 2 amps. [8.7A] 





[8.2D] 23. 10 [8.4B] 24. 12 [8.4B] 25. The perimeter of triangle 


CHAPTER TEST 





Dx x 42 5 x+1 j@ = 5)(QQ% = 1) x+5 
le = >, = ; , = a aa SS 
3yi [8.1A] 2 ia [8.1A] 3 Pie >) [8.1B] 4. (e+ 3)(2x +5) [8.1B] 5. re [8.1C] 
2 3(% + 2) i oe 2 
PCE Ae VALE Vat Pemerrent pare oy iC thea TAT | 


5 x? — Ax + 5 x—3 
Dee . —_ ; 
Gx = DGt 4d) [8.2D] 10 (GieaD)\Gagaa) [8.2D] 11. — [8.3A] 12. 2 [8.4A] 13. The equation has 


no solution. [8.4A] 14. -1 [8.4B] 15. The area is 64.8 m2. [8.4C] We eS Le [8.5A] 17. 14 rolls of 
r 


wallpaper are needed. [8.4D] 18. It would take 10 min with both landscapers working. [8.6A] 19. The rate of the 
cyclist is 10 mph. [8.6B] 20. The resistance is 0.4 ohm. [8.7A] 
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Answers to Selected Exercises A25 


CUMULATIVE REVIEW 


il 9 


39 sal 72.21 (14Al" 3, 5x —2y [14B] 4. -8+26 [14D] 5. Bo ic 2kle 06 12 (2.2¢) 


720) [24D] 8. {x|x = 8} [2.4A] 9. The volume is 200 ft?.  [3.3A] 10. 





[4.3B] 


3 3 5 
11. 7 [4.2A] 12. y= 5% +2) |4.6A] uh =P%s [SB SVAy 14. a’b’ [6.1A] 15. © [6.1B] 


1653.59 < 10-2 [6.1€) 17. —4a* + 6a>— 2a* [6.3A] 18. a* + ab — 12b? [6.3C] 19. x7+2x+4 [6.4B] 
202 (y= 6) = 1) ‘[7.2A] 21. (4x + 1)(3x — 1) [7.3A/7.3B] 2200 (2a) Ga) ee eS Bil 








a : = 
23. 4(b + 5)(6 — 5) [7.4D] 24. —3 and 5) [7.5A] 25. = [8.1A] 26. es $5 [8.1A] 27, Wen Se '@l] 
28 _/ Jee [8.2D] 295 ua [8.3A] 30. 4 [8.4A] 31. The all tains 70% sil L238] 
FOr AIG ae 1) : Ee : : : . The alloy contains 70% silver. ; 


32. It would cost $160. [8.4D] 33. It would take 6 min to fill the tank. [8.6A] 


a Answers to Chapter 9 Selected Exercises 


PREP TEST 


1 xy? 
Pee i tpiae 20320 (hone 9 9 T1.2by 4 te r2c] 7 5. Sse 191/40) Bier [6.1B] 


7. 9x? — 12x +4. [6.3C] 8. =12x? +.14x + 10 [6.3C] 9. 36x?-1 [63D] 10. —1,15 [7.5A] 





SECTION 9.1 
J ' 343 1/2 1/12 712 
ae? By 27 5. 9 7. 4 9. (—25)9 is not a real number. 11. 15 Leh & 15. y 17. x 19. a 
1 

21 = 23. : 25 eyee 27 - 29. “ 31. a ei}, gat <i Ge 37. (a 39. yl? 41. x+y 

32 2 2 172 

oe x x 1 1 1 m y 

43. xoy3z9 45. 5 47. ae 49. ye 51. x2 53. AE 55. Pag 57. a°b}3 59. an 61. aS 


63. Ew 65. y? —y 67-4,~ oO 69. x*" Tien? Tous 75. x2”? ils 52 ey" TR): REE 
a 








— 5 are 1 
Bley 3 save 85. V32r «87.272? 4.89. Va'b?, 91.Va8b? 93.4442 -3), 95.05 = 
97. 1412 99. x!3 101. x43. 103. 635 = 105. (2x2)"8 = 107. —(3x5)!2, 109. 3xy?3 111. @-— 2)I7 113. x8 


115. —x4 117. xy? 119. —x5y 121. 4a2b® = 128. V—16x*y* is not areal number. = 125. 3x9 127. —4xy4 
129.°=x*y? 131. x7 133. 3xy> 135. 2ab? 137a. false; 2 b. true c. true di*false;'(a" = b*)!” 


e. false;a + 2a’?2b'!2+b  f. false; a”™ 


SECTION 9.2 

1. x2yz2Vyz 3. 2ab*V2a_ 5B  Bxyz2V/5yz_—sT7. \V/—9x3 is not a real number. 9. a’b’Nab? WW. —SyWV/x2y 
13. abe2WVab? 18. 2xyWay 17. -6Vx 19. -2V2_— 21. 3V2b + 5V3b 28. —2xyV2y 

25. 6ab?\/3ab + 3abV3ab 27. -V2_— 29. 8bV/2b? 31. 3a/2a 38. 172 - 15V5 38. SbVb 


A26 Chapter 9 


37. —8xy\V/2n + 2xyVay 39. 2yV/2x41.-—-4abV/2b 43. 16 AB. 24 AT, ey VO SV 
51. 2x2y V2 53. 2abW3a2b 55.6) BT. x — V2x 59. 4 — BV 1 x — OV +9 ~~ 63. 84 + 16V5 


= a V2 
65. 672x*y2 67. 4a°b3? Va 69. —8V/5 Tle. 33 = We Tk, We = 77. yV 5y 79. bV13b ils ——— 




















2 
= re ae 3/3 Voye 2a V15x 
ga 2M EY gg, SV94 ag (V2 “gg SVS egy SME ge oe ee 
3y a jl 3 3y 2a ‘a 
oe aN 7 5 is fe 17+ 5V5 
99. ee 101. paces al 103. _TVn +21 105. -V6+3—2V2+2V3 107. meet ai 
ce 
109. & oN le 111. ae 113a. false; 6/432 b. true Cc. false; Vx? d. false: Vx + Vy 
a= — 4y treo ts 


e. false; ple Woh f. true 115. Va +b 


SECTION 9.3 


302i BU TN/2) 3138. 95 4 2 11 3H 1340S Ve OS: 8. dee 
196 = 64 214,19 FINO 23) 61/2. = 37/2. 25 63, -27n =—4. © 29, = 3 hl ee ee 


yg all LORaeZ AP eee : 
7 j = 31 et SS ssi! i) a 51 
Shs = i 37. 8 + 27i 39. | 41. 1 43. —3i 45. i i 5! 47 tei. 9 51 5! i 
VEL ONG mead om 
a , re .=+ci (59a. b. 
53 5 ap 5! 55 10 10! 57 at Bt a. yes yes 
SECTION 9.4 


1, 25 Se 5. 48 Th = 9. The equation has no solution. 11. 9 13 23 15. —16 17. 


&|O 


19. 14 21s 7k, Tt 2522 21S) 29, =5; =2 31. 45 33425 35. —4 3710 aR) il 


25 


41. 3 43. 21 45. 7 47.5 49. —2,4 51. 6 be, 555 42,2 S72 wel ek 2A ih 


61. The width is 6 ft. 63. The bottom of the ladder is 10 ft from the wall. 65. The object has fallen 2500 ft. 
67. The periscope must be 8.64 ft above the water. 69. The length of the pendulum is 4.67 ft. 71. The distance 
is 180 m. 73. The HDTV screen is 7.15 in. wider. 75a. 2, —2; integer, rational number, real number 


b. i, -i;imaginary __ ¢. 16; integer, rational number, real number 77. a = Vc? —b?ora=-Vce2—b2 79.x=V6 


CHAPTER REVIEW 


1. 20x*y? [9.1A] 2.7 [9.4A] a Se) =i |IS).3kC] 4. 7x73y [9.1B] 5. 6V3 — 13 [9:2] 6. —2 [9.4A] 


1 * . A 
T= 91a) 8. Ae [92D] 9. —20* [9.1C] 10. 2a’V2b [928] 11, 2VZD2V2 + He he [9.2D] 
4 : 3. 2 











me oe a 
12.5 - 32 [93D] 13. 3ab°V2a [9.2A] 14. -4V2 + 8iV2 [9.3B] 15. 5x3y3W/2x2y [9.2B] 


16. 4xy? Wx? [9.2C] 17.7+3i [93C] 18. 3%/3 [9.18] 19. —2ab2-/aqip? [9.2A] 

205-2 7i [938D]\,, 219-6V2, [9.36] 22°30 [9:4A]) 23. 3n2be [9.1C] «24. 5’V2 ,[9.3A] 

25. —-12+ 101 [9.3B] 26. 31 — 10V6 [9.2C] 27. 6x?V/3y [9.2B] 28. The amount of power generated 
bs 


is 120 watts. [9.4B] 29. The distance required to reach a velocity of 88 ft/s is 242 ft. [9.4B] 30. The bottom of 
the ladder is 6.63 ft from the building. [9.4B] 


CHAPTER TEST 


' ae sj 
1,54 [91B] 2. -22’yV2x [9.28] 3.3Vy? [9.1B] 4, 18 + 161 [9.3C] 5. 4x+4Vxy+y [9.2C] 


6.7 (91A)l 754 194A] <B:i2eyf [ONC 9242/38 (9,26) Ome 3 pg] een 4x°y3V2y [9.2A] 
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Answers to Selected Exercises A27 


12. 14+10V3 [9.2C] 13.4 [93B] 14.2 [9.2D] 15. 8aV2a [9.2B] 16. 2a —- Vab—15b [9.2C] 

64x3 x + Vxy Ae oy 3 

17. ye (9.1Al< 18, SWiO7D) © 18. —=9+ 24 [93D). 20,-=3 (oan 21st [9.1A] 
j BO 8a° 





22. 3abe?Wac [9.2 ee 
. 3abe*Vac [9.2A] 23. is [9.2D] 24. —4 [9.3C] 25. The object has fallen 576 ft. [9.4B] 


CUMULATIVE REVIEW 


1.92 [1.3A] 2.56 [1.4A] 3.) 10x 4D] 4. ; [2.2A] 5. 1220] 6. {xlx > 1} ([2.4A] 


Wire 


eg 
Te 373 [2.5A] 8, .(«|=6=%= 3) [2.5B] 9. The area is 187.5 cm?. [3.2B] 10. 3 [5.3A] 


2 1 y 
1 bs 13. . 
DR ay [4.5B] 





[4.3B] [4.7A] 





14. (2. 3] [5.3B] 15. 2x7)? [6.1B] 16. (9x + y)(9x —y) [7.4A] ie edGs- SP Nee a= Wee = il) 72D] 


5 = = 
18. C=R-nP [8.5A] 19. =i [9.1A] 7A, ge OhS | 72183) 21. 13-—7V3 [9.2C] 22. V6+ V2 [9.2D] 


eS 
23. “5 af 5! [9.3D] 24. —20 [9.4A] 25. The length of side DE is 27m. [8.4C] 26. $4000 must be 


invested at 8.4%. [2.3C] 27. The rate of the plane was 250 mph. [8.6B] 28. It takes 1.25 s for light to travel to 
Earth from the moon. [6.1D] 29. The slope is 0.08. The slope represents the simple interest rate on the investment. 
The interest rate is 8%. [4.4A] 30. The periscope must be 32.7 ft above the water. [9.4B] 


e Answers to Chapter 10 Selected Exercises 


PREP TEST 


[8.2B] 4.8 [1.4A] 5. yes [7.4A] 6. (2x — 1)? [7.4A] 





feev Oe ie2F) 2.93: [93A] 3. aan 
7. (3x + 2)(3x-—2) [74A] 8. [1.5C] 9. -3,5 [7.5A] 10.4 [8.4B] 


-5-4-3-2-1 012345 


SECTION 10.1 


BD Age 5 = Ona = 2b =— 46 =—5 5. 4x2 -— 5x +6=0:a=4,b=-5,c=6 7. 0,4 9.5, —-5 


3 1 1 naire 
2 -= 22, .=-4  27.2,-= 
ese 15 0.2 9 17.5, — 2 19.22 21.6, 28.2 eB. agin 


1 3 is 4 ene atte re AS. SNE, 
2s Sean Oh EER ORS ae ee eta 5 - 20, e oY 





2a a y a 4a i - 5 : 7 
— —= —-—=, -= Mh == = S 53. x2 — 7x + 10 =0 55. x2 + 6x +8 =0 
45. 4a, 3 47. 3" 3a 49. on i 5 3 

59, x7 —-9=0 61. x2 — 8x + 16=0 63. x2 — 5x =0 65. x2 — 3x =0 


69.47? = 54 -6=0 Wily Bae ae lige <2 NO) == © 73. 9x7 -4=0 hh Cre Byer Ea) 


57. x2 -—5x —6=0 


67. 2x2 — 7x +3 =0 
77. 10x? — 7x —-6=0 79. 8x2 + 6x +1=0 81. 50x? — 25x —3 =0 GEE. 7, =7 S5a2i, 21 Sia —2 


A28 Chapter 10 


89. = 3 91.71, 271 | "93: 4V/3, =4\V/3" “95059 —5 VB 49 97561 a1 99) 7) 10 Tee 





L. = SLOVO e 
103. =7,3 105. 1,0." 107. =54V6,-5—= V6 10943-7315 330) ott. ar 5 
3b 3b 1 
113.072 2=0 118. %2=18=0 117, -——— 1198 
a a 2 


SECTION 10.2 


2B 51050) 1. TNE 697 Oh a Orn 1 em ney ie 12.412 o = & AGS ee 3 
peeirres pe aS 23, Re W138, FS 





Vile 23s, =) 19 25 Pon 21. 2EROG 2 30 





2 es 5) 
fi Vi7 0 : ae 
29) 3 0s = 3 27 ea 1 Nally) — 33: er eee 35 1 + QV selene V3 
1 1 Tee SI DOP VTA Dien 1d 2 - 1 
Sees a ees A. AZo = —. . 45, te WS, 1H /5y 
37 oS 1 39 Sua” 3! 5 ; 5 5 5 


AQn yn /5, 28/5 Mls 1 28ye,, — Bh Vi) 53. 1.707, 0.293 55. 0.309, —0.809 57. x = 2a,x =—a 
CY), fe = Wa ge = — ya 


SECTION 10.3 











Sr WSS = 5 = WSS 3: 1 
S} 5 2 5. 4-9 Uy Oh ae NY 2A DN DY) Ch Si tes 11. een Tea ae 13. Be ne 
IL =e j= 
15. 7+ 3V5,7-3V5 17. a we 19) =1°-P7) 20S 70! 2h 1 On l= oe Az3) 2 abies eae 
1+Vil 1-Vi1 30 1 Ba 3 7 3 NE3 03! Bam 
_— »-St+5i,- si + i, - I ie . 0.236, —4. 
25 5 ; 5 27 5 5h 5 5! 29 mi 4 ibs 4 4 1 31. 7.606, 0.394 33. 0.236, —4.236 
35. 1.851, —1.351 37. two complex number solutions 39. one real number solution 41. two real number 


solutions 43. {p|p<9} 45.{p|p>1} 47. iand -2i 


SECTION 10.4 
13352 PED ST V2 V2 10 2b Ika PT IO Os Sor = eee 


iG), i, Sw 17. ie recall ie) 21. 





a 9.) .23n? =), 9250 2) ope -; 29-2, 31a 

ib vale ae Sy ip pow 2 4 

Coe see oT 0 1) 39 ; ae One pe ees ia = 
a amr a ee eh ae 584 M9453 


1 
il ==) S) 53. 4 
4 


SECTION 10.5 


1. The height is 3 cm; the base is 14 cm. 3. The dimensions of Colorado are approximately 272 mi by 383 mi. 


5. The maximum safe speed is 33 mph. 7. The time for the projectile to return to Earth is 12.5 s. 9. The maximum 


speed is 72.5 km/h. 11. The smaller pipe requires 12 min. The larger pipe requires 6 min. ‘ ‘ 13. The rate of the wind 
is 108 mph. 15. The rowing rate of the guide is 6 mph. 17. The radius of the cone 1.5 in. 


SECTION 10.6 
3. +++ 4 tH Cite < -2 or x > 4) 5. 
252458222170) 12 3.4.5 


Te s++4+++++4+4+44++— [x|-3 <x <4} 9. 
-5-4-3-2-1012345 -5-4-3-2-1 0 12345 


{x|x < 1 orx = 2} 
-5-4-3-2-1012345 


[Ae <= or ee 3) 
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Answers to Selected Exercises A29 


11. —4+$++++4 4++++4++ [x|-4=x<10 =D . 

S=4—3-2=)0nl-2 3 4 5 | til } 13. SG  We ere e e200 A} 

15. ~4+4+4++4+++4+} 44> {xl-1 <x = 3 17 ; fe ; 
-5-4-3-2-1012345 | PSPC EEIELee Cie eon ees 


19. {x|x >40rx<—-4}) 21. (x) -3<x<12} 23. E<*<3| 25. {hx <1orx>3} 
2, 


1 
par Siete <0 = 3) 33aei ee Sor 4 <a <1) 





27. 


~“ 


(sje < —hor bx x = 2) 29. {» 





35. ++ t4+++4+4}4+4+++ 80937. +++ Et 8. te 


= ae (ee a 4 =f) Se * Gh whe By ADOC mt oka 


CHAPTER REVIEW 


3 Cc ae J 
if 0,5 PIOSEAT ei 52: = =2c O010.1A)* 513. 4V3,—-4V3> [10.1C) i. & oe [10.1C] 





Tee 2/9 Aa 7 3 4 WB is i FEN31 
5. —3,-1 [102A]. 6. 102A te = (10, sage esa faa yeh aoa aj 
7 7 [ ] Hee [10.3A] 8. st es 5a! [10.3A] 
9. x2+ 3x =0 [10.1B] 10. 12x2-x-—6=0 [10.1B] ihe (ae oP [10.2A] 12.21, —27 [102A] 


+ 
a4 11 V73 MW - V73 eae 


6 [10.3A] 14. two real number solutions [10.3A] 15. (» (3 = >} [10.6A] 


5 5 
16. 4x|x <= —40r ay = DLO -OA| 17. 27, —-64 [10.4A] 18. a [10.4B] (KS Saysh OAC) 











20. —1 [10.4C] 21. +++ + + HH SC[10.6A] 22. [10.6A] 
Poe4e 32 1h ON 12) 345 SVG et Ol 2 BoA 
Le Or Lies Ke 3 or = 44 
2 2 
—3+V249 -3— V249 —11+V129 -11- 
23. 4 [10.4B] 24.5 [10.4B] 25. 10 : 10 [10.4C] 26. ou a ae [10.4C] 


27. The length is 12 cm, and the width is 5 cm. [10.5A] 28. The three integers are 2, 4, and 6 or —6, —4, 
and —2. [10.5A] 29. Working alone, the new computer takes 12 min to print the payroll. [10.5A] 30. The speed 
of the first car is 40 mph. The speed of the second car is 50 mph. [10.5A] 





CHAPTER TEST 
2 Rhee! 
PR pe mO TAT 2.5 [10.1A} 3.22-9=0 [10.1B] 4. 2x2+7*-4=0 [10.1B] 
= Bak W165 13 15 
bee) -? [10AG} 6.34 V/11,3—V1l [102A] 7. ca as [10.2A] 
8. ey eaylrss 1 = V3 [10.3A] 9. -2+2%V2,-2-2iV2 [10.3A] 10. two real number solutions [10.3A] 


1 = 
11. two complex number solutions [10.3A] 12. A [10.4A] Gee say AY eb 2/3 [10.4A] 14. 4 [10.4B] 


15. The equation has no solution. [10.4B] 16. 2,-9 [10.4C] 
17. {x|x < -40r2<x <4} +43444 es marcia [10.6A] 


-5-4-3-2-1 ‘0 i 2S 





18. {> l[=4=2= >} [10.6A] 19. The base is 15 ft. The height is 4 ft. [10.5A] 
2 Bess 27 1 Os 12 45 


20. The rowing rate of the canoe in calm water is 4 mph. [10.5A] 


CUMULATIVE REVIEW 


10 : a a 
1.14 [1.4A] 2: {rI-2 <x<¥} [2.5B] 3. The volume is 547 m3. [3.3A] 4. iG [4.2A] 5. 5 {4.4A] 


ee 


ae 





A30 Chapter 11 


6. (5.9), (0, BS) f4sBl year eA ee 2) [ones 











[5.5A] 


10. The height of triangle DEF is 16cm. [8.4C] 11. x2 -— 3x —4- 





send [6.4A] VRE See ole = ar 2 Shi) [77 (WAN 


13. Gx = 5)(32 #.4) [7.3A/7.3B] tae [8.1B] 15. -; and —-1 [8.4A] 16. b= [8.5A] 


2, 
Win Shar [IWAN wey ==) — ies |[S)-BXC) 19. 0,1 [9.4A] 20. 2, -2, V2,-V2 [10.4A] 21. The lower limit is 


28 —an 
ai 


25,000 
3° 





93 in. The upper limit is 9= in. [2.5C] 22. The area is (x? + 6x — 16) ft?. [6.3E] 23. The slope is — The 


64 
building decreases $8333.33 in value each year. [4.4A] 24. The ladder will reach 15 ft up on the building. [9.4B] 


25. There are two complex number solutions. [10.3A] . 


G Answers to Chapter 11 Selected Exercises 


PREP TEST 
1,1 (1.44) 72, =F {ila 3. 30 [4.2A] 4. hi? + 4h -1 [4.2A] 5. -=, 3 [10.1A] 
1 
6.2 =V3,2 443 [10.2A, 10.3A] Th = 5% =P fess] 8. domain: {—2, 3, 4, 6}; range: {4, 5, 6}; yes [4.2A] 


[4.3B] 




















11. If the cost is $150, the markup is $37.50. 13. The linear function is y= ay, + 545. If the room rate is $100, 485 
rooms will be rented. 15a. III b. IV c. II d. I : . 
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SECTION 11.2 























3.8 5.x = —4 7. 9 y 11 
au 
4 
nica —8 |-4 10 ran lara la 
-4 
vertex: (—2,.=8) vertex: (2, —1) vertex: (5-3 
axis of symmetry: x = —2 axis of symmetry: x = 2 axis of symmetry: x = ; 
13. 15. y 17. y 
i i 
4 4 











=a 














eh Bet! 
vertex: (=.-5) vertex: (1, 0) vertex: (2, —1) 
: 3 } : 
axis of symmetry: x = my axis of symmetry: x = 1 axis of symmetry: x = 2 
19. The domain is {x|x € real numbers}. The range is {y|y = —5}. 21. The domain is {x|x € real numbers}. The range 





is-{y|yo= — 1}. 23, (2; 0); (=2, 0) 25. (0, 0), (2, 0) Zin (2.0) Gow leg) 29. (-3. 0), (1, 0) 31, (-1 + V2, 0), 


(=1 = V2, 0) 33. The parabola has no x-intercepts. 35. The parabola has no x-intercepts. 37. The parabola has 


two x-intercepts. 39. The parabola has one x-intercept. 41. The parabola has no x-intercepts. 43. The parabola 
has two x-intercepts. 45a. maximum b. minimum c. maximum 47. minimum: 2 49. maximum: —1 

7 
51. minimum: —2 53. maximum: —3 55. minimum: arn 57. b 59. The minimum height of the cable above 


the bridge is 24.36 ft. 61. The diver will be a maximum of 13.1 m above the water. 63. The maximum height is 1.5 ft. 


3 
65. A speed of 41 mph will yield the maximum fuel efficiency. The maximum fuel efficiency is 33.658 mi/gal. 67. ais 


SECTION 11.3 




















1. yes 3. no 5. yes 7. y 9. 
4 
2 
> xX > XxX 
Ee Olen -4 4 
-2 
-4 
domain: {x|x € real numbers} domain: {x|x € real numbers} 
range: {y|y = 0} range: { y|y € real numbers} 


A32 Chapter 11 























11. 13. 15. y 17. 
4 
2 
a ae me Lins ems ee 

-2 
-4 

domain: {x|x < 4} domain: {x|« € real numbers} domain: {x|x = —2} domain: {x|x € real numbers} 

range: {y|y = 0} range: {y|y € real numbers} range: {y|y < 0} range: {y|y = 0} 


19. a = 18 21. (2, 5) #2@) 5) Sz, 23. f(14) = 8 25. x = —3 


SECTION 11.4 

_29 
4 

25. —29 alls. See = 113 29. 4 31. 3 33.x*+4 35. 5 37. 11 Bh), Bye ab Bye te 5 41. —3 43. —27 

AS a0 2S 47. h? + 6h 49.2+h 51. i+ 2a 53m 5570 LY fe (eye 116) 


4 
1S) Sh il La) 7. 9. ; Kl, 2 13; 39 15.3 17. as 1S, 21. 7 23 iS 


SECTION 11.5 
3. yes 5. no 7. yes 9. no 11. no 13. no 172 (0,1) 5G, 2)03,13) 0054) 19. no inverse 


20 -2710)(5, 1), 3), 6, —4)} 23. no inverse 25 mi ap D Zao a =p 


29a Oi 22-2 anh jf (6) = -5x +1 eB Ca) = ox —6 35. f(x) = -—3x + 3 £T) 9 G2) = : +2 


1 2 1 1 > 
39. (1G) st ae 5 41. f@) = 6% + 5 43. 3 45. 3 47. yes; yes 49. yes 51. no 53. yes 55. yes 


61. 














The inverse is the same graph. 
63. no 65. 5 67. 0 69. —4 


SECTION 11.6 

















la. a vertical line b. opens up 3a. a horizontal line b. opens right 5a. a horizontal line b. opens left 
7 Ie 9 11. y 
I 4 
+8 f 
aE E 
-8 
wns) 3) 
WEHIOG || Sa, 
4°2 
; vertex: (0, 2) vertex: (—1, 0) 
axis of symmetry: y = 5 axis of symmetry: x = 0 axis of symmetry: y = 0 
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13. 15. 17. 19. y 
: ay \ 
4 
Pk > x alee: x 
=4.5- 20.0408 4 
: =) 
i i ; ad) 
A 7 
vertex: (- tks -3) 
vertex: (—1, 2) 
axis of symmetry: y = 2 axis of symmetry: x = —1 
21. 235 (1) > (et 2)? Oe) 255 (x B2V 4 (y — 1)? = Sa 27: 
29. 
37. 
45. 


CHAPTER REVIEW 








1 y 2. y 3. There are no x-intercepts. [11.2B] 
4 
Z 2 
See bie | Ti Oa 
=5) -2 
-4 
rd [11.1A] [11.24] 


4. The maximum value of the function is 9. Ae 


A34 Chapter 11 


























5 y 6. y 7 
4 4 
A > X 4 > xX 
domain: {x|x = 3} domain: {x|x € real numbers} domain: {x|x € real numbers} 
range: {y|y = 0} [11.3A] range: {y|y = —2} [11.3A] range: {y|y € real numbers} [11.3A] 
8. no [11.5A] @), =2 [avy 10. + [11.4A] 11.5 [11.4B] 122 — 4x 5 5 .[11.4B] 
1356) 2)7 O73), 4Gr4), Gas) its BI 14. f@) =4« +16 [11.5B] 15. y 
8} 
L4 
> X 
2g faq 418 
as 
Thal [11.6A] 
16. y 17. 18. 

















[11.6B] [11.6D] [11.6C] 


19. aS) eye 3) 1 Gn 111-66] 20. The dimensions are 50 cm by 50 cm. The area is 2500 cm?. Ae2 Dy 





























CHAPTER TEST 
1. a0 Shee, ' 3. (0,.0), @3y0h [1428] 
eben 8 4. 
4 ‘io att it 
Sumi. 
[11.1A] [11.2A] 
4. The maximum value of the function is 3. Lh XE] 
5 ) 6. ¥ 7 y 
4 4 
4 4 
Eve Sty] ewe eae aeolian 
=2 = 
-4 vl 
domain: {x|x = —4} domain: {x|x € real numbers] domain: {x|x € real numbers] 
range: {y|y = 0} [11.3A] range: {y|y = —3} [11.3A] range: {y|y © real numbers} [11.3A] 


8. yes [11.5A] 9.7 [11.4A] 10. —9 [11.4A] 11. 70 [11.4A] 12. ‘: [11.4A] S 


13564 + 3x — 16" [11-48] 124 7 Ge) = -2x += [11.5B] 15. 











[11.6A] 
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16. 17. NB ie era) oe 























[11.6B] [11.6C] EE EEEE] = a.ep] 


19. yes [11.5B} 20. The rectangle will have a maximum area when the dimensions are 7 ft loy ine, [isl 21D 


CUMULATIVE REVIEW 























See 38 if £23 
1 cone ne (ESC) @2: a [84A] 3. -20 [4.2A] 4. eee [4.5A] 5.y=x-6 [4.6A] 
eee tye tell 4 a= [sad ee 3/4 
ee a icp eer ia -5 (84A] 9.555 [61B] 10. 2x [91B] 11. 3V2—-5i [9.34] 
Bie VT =r] 
12. eae [10.2A/10.3A] 13.6 [10.4B] 14. {x|-4<x <3) [10.6A] 15.0 [11.2C] 
1 
16. f() = a tes Bi Aly! 18. y 
ai 
4 
Se BiG <anne 
= 
[4.7A] = [11.6A] 
19. y 20. y 21. There were 82 adult tickets sold. [5.4B] 
8 
= Bi 
[11.6C] a [11.6D] 








22. The rate of the motorcycle is 60 mph. [8.6B] 23. The rate of the crew in calm water is 4.5 mph. [5.4A] 
24. A gear with 60 teeth will make 18 revolutions per minute. [8.7A] 25. The maximum product is 400. [11.2D] 


© Answers to Chapter 12 Selected Exercises 


PREP TEST 
5 [6.1B] 2.16 [6.1B] 3.-3 [6.1B] 4.0;108 [4.2A] 5.—-6 [2.2B] 6.—2,8 [10.1A] 


7. 6326.60 [1.4A] 8. 








[11.2A] 


SECTION 12.1 


1 
Z7e 5a. f2)=9 bi fO)=1 ~ « f{-2) =5 Ja. 23@)=16 ~b. g(1)=4 ~ c. g(-3) = fi 9a. P(0) = 1 


1 
b. (3) = 2 c. P(—2)= 16 11a. G(4) = 7.3891 b. G(—2) = 0.3679 c. o(5) = 1.2840 
8 


A36 Chapter 12 


3 
13a. H(—1) = 54.5982 b. HG)= 1 1 H(S) = 0.1353 1daF2) = tens b= 2) tone: (2) = 1.4768 


17a. f(—2) = 0.1353 b. f(2) = 0.1353 cu f(—3) = 0.0111) 11S: 











25. 


























oe yy -4 
31. bandd 33. (0, 1) 35. no x-intercept; y-intercept: (0, 1) 
43.e 
AD ARE EE dle oee 41S) b. The point (9, 1.303) means that in the year 2002, the Chinese population was approxi- 


mately 1.303 billion. 









12.14. 16218. 


47a. b. The point (2, 27.7) means that after 2 s, the object is dropping at a speed of 27.7 ft/s. 





SECTION 12.2 


1 
3. log;25=2 5. logs 7 =-2 7. logigx=y 9. log,w=x 11. 3° =9 13. 10° = 0.01 15. ev =x 
175 bY =u 19. log, 81 = 4 21. log, 128 = 7 23. log 100 = 2 25. Ine? = 3 27. log, 1 = 0 


1 
29. log; 625 = 4 31. 9 33. 64 35. 7 37a 1 39. 316.23 41. 0.02 43. 7.39 45. 0.61 


4 Dep) 
49. log, (xy?) 51. In (5) 53. log, x3 55. In (x34) 57. log, (x?y?) 59. log, A 61. log, (==) 


y v 
is Sor ee Py nege Meee Vxz 
63. In (=| 65. log, a) 67. In (353) 69. log, (=) 71. log, Ve 73. In S 75. log, ea 


77. logs x + log, z 79. 5 log, x 81. log, r — log, s 83. 2 log, x + 6 log, y 85. 3 log, u — 4 log, v 
87. 2 log, r + 2 log, s 89. 2Inx +Iny+Inz 91. log; x + 2 log, y — 4 log, z 





93. 2 logs x — logy y — 2 logs z 
oun | 3 1 1 
95. 5 log x 3 5 log, y 97. 5 087 BS 5 log; y 99. log, f — 5 logs iE 101. 0.8451 103. —0.2218 105. 1.3863 


107. 1.0415 109. 0.8617 111. 2.1133 113. —0.6309 115. 0.2727 117. 1.6826 119. 1.9266 


121. 0.6752 123. 2.6125 125a. false b. true c. false d. true e. false f. true 
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SECTION 12.3 

















13. 

















21. b. The point (25.1, 2) means that a star that is 25.1 parsecs from 


Earth has a distance modulus of 2. 





SECTION 12.4 


1 9 

3. c3 55-23 7.1 wh TS 13. 3 15. 1.1133 17. 1.0986 19a 222 21. —2.8074 
11 5 1 9 

23. 3.5850 25. 1.1309 29. a. 31. —4,2 33. 3 35. 5 Sule an SOO 2, 41. 3 43. 2 
45. The equation has no solution. AT. 0:55 49. 1.38 51. The equation has no solution. 53. 0.09 
55a. (a ee b. It will take the object approximately 2.64 s to fall 100 ft. 

% 120 4 

& 80}—- 

2 





0 1 2 3 4 
Seconds 


SECTION 12.5 


1. The value of the investment after 2 years is $1172. 3. The investment will be worth $15,000 in 18 years. 5a. The 
technetium level will be 21.2 mg after 3 h. b. It will take 3.5 h for the technetium level to reach 20 mg. 7. The half- 
life of promethium-147 is 2.5 years. 9a. The approximate pressure at 40 km above Earth is 0.098 N/cm?. b. The 
approximate pressure on Earth’s surface is 10.13 N fsiaate c. The atmospheric pressure decreases as you rise above 


Earth’s surface. 11. The pH of milk is 6.4. 13. At a depth of 2.5 m, the percent of light will be 75% of the light at the 


surface of the pool. 15. Normal conversation is 65 decibels. 17. The average time of a major league baseball game 


increased 22.5 min during the years from 1981 to 1999. 19. A thickness of 0.4 cm is needed. 21. The Richter scale 
23. The intensity of this earthquake is 794,328,235]. 25. The magnitude of 


magnitude of this earthquake is 6.8. 
29. The value of the investment after 5 years 


the earthquake is 5.3. 27. The magnitude of the earthquake is 5.6. 
is $3210.06. 
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23. The value of the investment after 2 years is $4692. [12.5A] 24. The magnitude of the earthquake is 7.6. [12.5A] 
25. The half-life of the material is 27 days. [12.5A] 26. Sound emitted from a busy street corner is 

107 decibels. [12.5A] 
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1313652 [12 2C) 19. 2.6801 [12.2C] 20. The half-life is 33 h. [12.5A] 
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6,24 10,2 = V10 {10.2A] 7. The length of the side is 26 cm. [9.4B] 8. y 
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ha 2x? — 17x + 13 
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14. y 15. The area is 28 yd*. [3.2B] 
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tGsa25.. fi 2.2Ad 17. log, <= {12.2B] Sele 2am 1222 @) 19.2 [12.4A] 20. [12.4B] 21. The 


customer can write fewer than 50 checks. [2.4C] 22. The mixture costs $3.10 per pound. [2.3A] 23. The rate of 
the wind is 25 mph. [5.4A] 24. The force will stretch the spring 10.2 in. [8.7A] 25. The redwood costs $.40 per 
foot. The fir costs $.25 per foot. [5.4B] 26. The investment will double in 8 years. [12.5A] 
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38. log, 7 [12.2B] 39. 6 [12.4B] 40. The range of scores is 69 =x = 100. [2.4C] 


41. The cyclist rode 40 mi. [2.3D] 42. There is $8000 invested at 8.5% and $4000 invested at 6.4%. [2.3C] 

43. The length is 20 ft. The width is 7 ft. [10.5A] 44. An additional 200 shares are needed. [8.4B] 45. The rate of 
the plane was 420 mph. [8.6B] 46. The object has fallen 88 ft when the speed reaches 75 ft/s. [9.4B] 47. The rate 
of the plane for the first 360 mi was 120 mph. [8.6B] 48. The intensity is 200 foot-candles. [8.7A] 49. The rate of 
the boat in calm water is 12.5 mph. The rate of the current is 2.5 mph. [5.4A] 50. The value of the investment after 

2 years is $4785.65. [12.5A] 
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© Glossary 


abscissa The first number of an ordered pair; it measures 
a horizontal distance and is also called the first coordinate 
of an ordered pair. (Sec. 4.1) 


absolute value of a number The distance of the number 
from zero on the number line. (Sec. 1.1, 2.5) 


absolute-value equation An equation containing the 
absolute-value symbol. (Sec. 2.5) 


acute angle An angle whose measure is between 0° and 
SO ma (Seeas al) 


acute triangle A triangle that has three acute angles. 
(Sec. 3.2) 


addition method An algebraic method of finding an 
exact solution of a system of linear equations. (Sec. 5.2) 


additive inverses Numbers that are the same distance * 
from zero on the number line but lie on different sides 
of zero; also called opposites. (Sec. 1.1, 1.4) 


adjacent angles Two angles that share a common side. 
(Sec. 3.1) 


alternate exterior angles Two nonadjacent angles that 
are on opposite sides of the transversal and outside the 
parallel lines. (Sec. 3.1) 


alternate interior angles Two nonadjacent angles that 
are on opposite sides of the transversal and between the 
parallel lines. (Sec. 3.1) 


analytic geometry Geometry in which a coordinate sys- 
tem is used to study relationships between variables. 
(Sec. 4.1) 


angle An angle is formed when two rays start at the same 
point; it is measured in degrees. (Sec. 3.1) 


antilogarithm If log, M = N, then the antilogarithm, base 
b, of N is M. (Sec. 12.2) 


area A measure of the amount of surface in a region. 
(Sec. 3.2) 


asymptotes The two straight lines that a hyperbola 
“approaches.” (Sec. 11.6) 


axes The two number lines that form a rectangular coor- 
dinate system; also called coordinate axes. (Sec. 4.1) 


axis of symmetry of a parabola A line of symmetry that 
passes through the vertex of the parabola and is parallel 
to the y-axis for an equation of the form y = ax2 + bx +c 
or parallel to the x-axis for an equation of the form 
ay" + bye. (Secs 1102, 11.6) 


base In an exponential expression, the number that is 
taken as a factor as many times as indicated by the 
exponent. (Sec. 1.2) 


basic percent equation Percent times base equals 
amount. (Sec. 2.1) 


binomial A polynomial of two terms. (Sec. 6.2) 


center of a circle The central point that is equidistant 
from all the points that make up a circle. (Sec. 11.6) 


A42 


center of an ellipse The intersection of the two axes of 
symmetry of the ellipse. (Sec. 11.6) 


characteristic The integer part of a common logarithm. 
(See, 1222) 


circle A plane figure in which all points are the same 
distance from point O, which is called the center of the 
circle. In a rectangular coordinate system, the set of all 
points (x, y) in the plane.that are a fixed distance from a 
given point (h, k) called the center. (Sec. 3.2, 11.6) 


circumference The distance around a circle. (Sec. 3.2) 


clearing denominators Removing denominators from 
an equation that contains fractions by multiplying each 
side of the equation by the LCM of the denominators. 
(Sec. 8.4) 


coefficient The number part of a variable term. (Sec. 1.4) 


cofactor of an element of a matrix (—1)‘*i times the 
minor of that element, where i is the row number of the 
element and j is its column number. (Sec. 5.3) 


combined variation A variation in which two or more 
types of variation occur at the same time. (Sec. 8.7) 


combining like terms Using the Distributive Property to 
add the coefficients of like variable terms; adding like 
terms of a variable expression. (Sec. 1.4) 


common logarithms Logarithms to the base 10. 
(Sec. 12.2) 


complementary angles Two angles whose sum is 90°. 
(Sec. 3.1) 


completing the square Adding to a binomial the constant 
term that makes it a perfect-square trinomial. (Sec. 10.2) 


complex fraction A fraction whose numerator or denomi- 
nator contains one or more fractions. (Sec. 8.3) 


complex number A number of the form a + bi, where a 
and b are real numbers and i = V~1. (Sec. 9.3) 


composition of functions The operation on two func- 
tions f and g denoted by f o g. The value of the composi- 
tion of f and g is given by (f © g(x) = f[g(x)]. (Sec. 11.4) 


compound inequality Two inequalities joined with a con- 
nective word such as “and” or “or.” (Sec. 2.4) 


compound interest Interest that is computed not only on 
the original principal but also on the interest already 
earned. (Sec. 12.5) 


conic section A curve that can be constructed from the 
intersection of a plane and a right circular cone. The 
four conic sections are the parabola, hyperbola, ellipse, 
and circle. (Sec. 11.6) ‘ 


conjugates Binomial expressions that differ only in the 
sign of a term. The expressions a-+*b and a — b are 
conjugates. (Sec. 9.2) : 


consecutive even integers Even integers that follow one 
another in order. (Sec. 7.5) 
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consecutive integers Integers that follow one another in 
order. (Sec. 7.5) 


consecutive odd integers Odd integers that follow one 
another in order. (Sec. 7.5) 


constant of proportionality k in a variation equation; 
also called the constant of variation. (Sec. 8.7) 


constant of variation k in a variation equation; also 
called the constant of proportionality. (Sec. 8.7) 


constant term A term that includes no variable part; also 
called a constant. (Sec. 1.4) 


coordinate axes The two number lines that form a rec- 
tangular coordinate system; also called axes. (Sec. 4.1) 


coordinates of a point The numbers in the ordered pair 
that is associated with the point. (Sec. 4.1) 


corresponding angles Two angles that are on the same 
side of the transversal and are both acute angles or are 
both obtuse angles. (Sec. 3.1) 


cube A rectangular solid in which all six faces are 
squares. (Sec. 3.3) 

cube root of a perfect cube One of the three equal fac- 
tors of the perfect cube. (Sec. 7.4) 

cubic function A third-degree polynomial function. 
(Sec. 6.2) 

decimal notation Notation in which a number consists of 
a whole-number part, a decimal point, and a decimal 
part. (Sec. 1.2) 

degree Unit used to measure angles; one complete revolu- 
tion is 360°. (Sec. 3.1) 

degree of a monomial The sum of the exponents of the 
variables. (Sec. 6.1) 

degree of a polynomial The greatest of the degrees of 
any of its terms. (Sec. 6.2) 

dependent system of equations A system of equations 
whose graphs coincide. (Sec. 5.1) 

dependent variable In a function, the variable whose 
value depends on the value of another variable known as 
the independent variable. (Sec. 4.2) 

descending order The terms of a polynomial in one 
variable are arranged in descending order when the 
exponents of the variable decrease from left to right. 
(Sec. 6.2) 

determinant A number associated with a square matrix. 
(Sec. 5.3) 

diameter of a circle A line segment with endpoints on 
the circle and going through the center. (Sec. 3.2) 

diameter of a sphere A line segment with endpoints on 
the sphere and going through the center. (Sec. 3.3) 

direct variation A special function that can be expressed 
as the equation y = kx, where k is a constant called the 
constant of variation or the constant of proportionality. 
(Sec. 8.7) 

discriminant For an equation of the form ax? + bx + c = 0, 
the quantity b? — 4ac is called the discriminant. (Sec. 10.3) 

domain The set of the first coordinates of all the ordered 
pairs of a relation. (Sec. 4.1) 

double root When a quadratic equation has two solutions 
that are the same number, the solution is called a double 
root of the equation. (Sec. 10.1) 
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element of a matrix A number in a matrix. (Sec. 5.3) 
elements of a set The objects in the set. (Sec. 1.5) 


ellipse An oval shape that is one of the conic sections. 
(Secs 11.6) 


empty set The set that contains no elements; also called 
the null set. (Sec. 1.5) 


equation A statement of the equality of two mathematical 
expressions. (Sec. 2.1) 


equilateral triangle A triangle that has three sides of 
equal length; the three angles are also of equal measure. 
(Sec; 3:2) 


equivalent equations Equations that have the same solu- 
tion. (Sec. 2.1) 


evaluating a function Replacing x in f(x) with some 
value and then simplifying the numerical expression that 
results. (Sec. 4.1) 


evaluating a variable expression Replacing each vari- 
able by its value and then simplifying the resulting 
numerical expression. (Sec. 1.4) 


even integer An integer that is divisible by 2. (Sec. 7.5) 


expanding by cofactors A technique for finding the value 
of a 3 X 3 or larger determinant. (Sec. 5.3) 


exponent In an exponential expression, the raised num- 
ber that indicates how many times the factor, or base, 
occurs in the multiplication. (Sec. 1.2) 


exponential equation An equation in which the variable 
occurs in the exponent. (Sec. 12.4) 


exponential form The expression 2° is in exponential 
form. Compare factored form. (Sec. 1.2) 


exponential function The exponential function with 
base b is defined by f(x) = b*, where b is a positive real 
number not equal to one. (Sec. 12.1) 

exterior angle An angle adjacent to an interior angle of a 
triangle. (Sec. 3.1) 

extraneous solution When each side of an equation is 
raised to an even power, the resulting equation may have 
a solution that is not a solution of the original equation. 
Such a solution is called an extraneous solution. (Sec. 9.4) 

factor In multiplication, a number being multiplied. 
(Sec. 1.1) 

factored form The multiplication 2-2.2.-2.2.-2isin 
factored form. Compare exponential form. (Sec. 1.2) 

factoring a polynomial Writing the polynomial as a 
product of other polynomials. (Sec. 7.1) 

factoring a trinomial Expressing the trinomial as the 
product of two binomials. (Sec. ee) 

first-degree equation An equation in which all variables 
have an exponent of 1. (Sec. 4.3) 

FOIL A method of finding the product of two binomials. 
The letters stand for First, Outer, Inner, and Last. 
(Sec. 6.3) 

formula A literal equation that states rules about meas- 
urement. (Sec. 8.5) 

function A relation in which no two ordered pairs that 
have the same first coordinate have different second 
coordinates. (Sec. 4.2) 
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functional notation A function designated by f(x), which 
is the value of the function at x. (Sec. 4.2) 


geometric solid A figure in space. (Sec. 3.3) 


graph of a real number A heavy dot placed directly 
above the number on the number line. (Sec. 1.1) 


graph of an equation in two variables A graph of the 
ordered-pair solutions of the equation. (Sec. 4.3) 


graph of an ordered pair The dot drawn at the coordi- 
nates of the point in the plane. (Sec. 4.1) 


graphing a point in the plane Placing a dot at the loca- 
tion given by the ordered pair; also called plotting a 
point in the plane. (Sec. 4.1) 


greater than A number that lies to the right of another 
number on the number line is said to be greater than 
that number. (Sec. 1.1) 


greatest common factor The greatest common factor 
(GCF) of two or more integers is the greatest integer * 
that is a factor of all the integers. The greatest common 
factor of two or more monomials is the product of the 
GCF of the coefficients and the common variable fac- 
tors. (Sec. 7.1) 


half-plane The solution set of a linear inequality in two 
variables. (Sec. 4.7) 


hyperbola A conic section formed by the intersection of a 
cone and a plane perpendicular to the base of the cone. 
(Sec. 11.6) 


hypotenuse In a right triangle, the side opposite the 90° 
angle. (Sec. 9.4) 


imaginary number A number of the form ai, where a is a 
real number and i = V —1. (Sec. 9.3) 


imaginary part of a complex number For the complex 
number a + bi, b is the imaginary part. (Sec. 9.3) 


inconsistent system of equations A system of equations 
that has no solution. (Sec. 5.1) 


independent system of equations A system of equations 
whose graphs intersect at only one point. (Sec. 5.1) 


independent variable In a function, the variable that 
varies independently and whose value determines the 
value of the dependent variable. (Sec. 4.2) 


index In the expression Wa, n is the index of the radical. 
(Sec. 9.1) 


inequality An expression that contains the symbol >, <, = 


(is greater than or equal to), or < (is less than or equal 
to). (Sec. 1.5) 


integers The numbers... , —3, —2, —1, 0, TD 3 aes 
(Sec. 1.1) 


interior angles The angles within the region enclosed by 
a triangle. (Sec. 3.1) 


intersecting lines Lines that cross at a point in the plane. 
(Sec. 3.1) 


intersection of two sets The set that contains all ele- 
ments that are common to both of the sets. (Sec. 1.5) 


inverse of a function The set of ordered pairs formed by 
reversing the coordinates of each ordered pair of the 
function. (Sec. 11.5) 


inverse variation A function that can be expressed as the 


k , 
equation y = —, where k is a constant. (Sec. 8.7) 
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irrational number The decimal representation of an irra- 
tional number never terminates or repeats and can only 
be approximated. (Sec. 1.2, 9.2) 


isosceles triangle A triangle that has two sides of equal 
length; the angles opposite the equal sides are of equal 
measure. (Sec. 3.2) 


joint variation A variation in which a variable varies 
directly as the product of two or more variables. A joint 
variation can be expresséd'‘as the equation z = kxy, 
where k is a constant. (Sec. 8.7) 


leading coefficient In a polynomial, the coefficient of the 
variable with the largest exponent. (Sec. 6.2) 


least common denominator The smallest number that is 
a multiple of each denominator in question. (Sec. 1.2) 


least common multiple (LCM) The LCM of two or more 
numbers is the smallest number that is a multiple of 
each of those numbers. (Sec. 1.2) 


least common multiple of two polynomials The sim- 
plest polynomial of least degree that contains the factors 
of each polynomial. (Sec. 8.2) 


leg In a right triangle, one of the two sides that are not 
opposite the 90° angle. (Sec. 9.4) 


less than A number that lies to the left of another number 
on the number line is said to be less than that number. 
(Sec. 1.1) 


like terms Terms of a variable expression that have the 
same variable part. Having no variable part, constant 
terms are like terms. (Sec. 1.4) 


line A line extends indefinitely in two directions in a 
plane; it has no width. (Sec. 3.1) 


linear equation in three variables An equation of the 
form Ax + By + Cz = D, where A, B, and C are coeffi- 
cients of the variables and D is a constant. (Sec. 5e2)) 


linear equation in two variables An equation of the 
form y = mx + b, where m1 is the coefficient of x and bis 
a constant; also called a linear function. (Sec. 4.3) 


linear function An equation of the form y=mx + b, 
where 77 is the coefficient of x and b is a constant; 
also called a linear equation in two variables. (Sec. 4.3, 
oy, ANE) 


linear inequality in two variables An inequality of the 
form y > mx + b or Ax + By > C. (The symbol > could 
be replaced by =, <, or <.) (Sec. 4.7) 


line segment Part of a line: it has two endpoints. (Sec. 3.1) 


literal equation An equation that contains more than one 
variable. (Sec. 8.5) Ui 

\ 
logarithm For b greater than zero and not equal to 1, the 


statement y = log,x (the logarithm of x to the base b) is 
equivalent to x = by. (Sec. 12.2) 


mantissa The decimal part of a common logarithm. 
(Sees 1222) 


matrix A rectangular array of numbers. (Sec. 5.3) 


minor of an element The minor of an element ina 
3 X 3 determinant is the 2 x 2 determinant obtained 
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by eliminating the row and column that contain that 
element. (Sec. 5.4) 


monomial A number, a variable, or a product of a number 
and variables; a polynomial of one term. (Sec. 6.1, 6.2) 


multiplicative inverse The multiplicative inverse of a 


1 
nonzero real number a is a also called the reciprocal. 
(Sec. 1.4)“, 


natural exponential function The function defined by 
f(x) = e%, where e = 2.71828. (Sec. 12.1) 


natural logarithm When e (the base of the natural expo- 
nential function) is used as the base of a logarithm, the 
logarithm is referred to as the natural logarithm and is 
abbreviated In x. (Sec. 12.2) 


natural numbers The numbers 1, 2, 3, ... ; also called 
the positive integers. (Sec. 1.1) 


negative integers The numbers... , —3, —2, 1. 
(Sec. 1.1) 


negative slope The slope of a line that slants downward 
to the right. (Sec. 4.4) 


nonfactorable over the integers A polynomial is nonfac- 
torable over the integers if it does not factor using only 
integers. (Sec. 7.2) 


nth root of a A number b such that b” = a. The nth root 
of a can be written a” or Wa. (Sec. 9.1) 


null set The set that contains no elements; also called the 
empty set. (Sec. 1.5) 


numerical coefficient The number part of a variable 
term. When the numerical coefficient is 1 or —1, the 1 is 
usually not written. (Sec. 1.4) 


obtuse angle An angle whose measure is between 90° and 
180°. (Sec. 3.1) 


obtuse triangle A triangle that has one obtuse angle. 
(Sec. 3.2) 


odd integer An integer that is not divisible by 2. (Sec. 7.5) 


one-to-one function In a one-to-one function, given any 
y, there is only one x that can be paired with the given 
Ba (SeCual le) 

opposites Numbers that are the same distance from zero 
on the number line but lie on different sides of zero; also 
called additive inverses. (Sec. 1.1) 


order m X n A matrix of m rows and n columns is of 
order m X n. (Sec. 5.3) 

Order of Operations Agreement A set of rules that tell 
us in what order to perform the operations that occur in 
a numerical expression. (Sec. 1.3) 

ordered pair A pair of numbers expressed in the form 
(a, b) and used to locate a point in the plane determined 
by a rectangular coordinate system. (Sec. 4.1) 


ordinate The second number of an ordered pair; it meas- 
ures a vertical distance and is also called the second 
coordinate of an ordered pair. (Sec. 4.1) 


origin The point of intersection of the two number lines 
that form a rectangular coordinate system. (Sec. 4.1) 


parabola The graph of a quadratic function is called a 
parabola. (Sec. 11.2) 
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parallel lines Lines that never meet; the distance between 
them is always the same. In a rectangular coordinate 
system, parallel lines have the same slope and thus do 
not intersect. (Sec. 3.1, 4.6) 


parallelogram A quadrilateral that has opposite sides 
equal and parallel. (Sec. 3.2) 


percent Parts of 100. (Sec. 1.2) 


perfect cube The product of the same three factors. 
(Sec. 7.4) 


perfect square The product of a term and itself. 
(Seemik27k4) 


perimeter The distance around a plane figure. 
(Sec. 3.2) 


perpendicular lines Intersecting lines that form right 
angles. The slopes of perpendicular lines are negative 
reciprocals of each other. (Sec. 3.1, 4.6) 


plane A flat surface. (Sec. 3.1) 
plane figure A figure that lies totally in a plane. (Sec. 3.1) 


plotting a point in the plane Placing a dot at the loca- 
tion given by the ordered pair; also called graphing a 
point in the plane. (Sec. 3.1) 


point-slope formula The equation y — y, = m(x — x,), 
where 7 is the slope of a line and (x,, y,) is a point on 
the line. (Sec. 4.5) 


polygon A closed figure determined by three or more line 
segments that lie in a plane. (Sec. 3.2) 


polynomial A variable expression in which the terms are 
monomials. (Sec. 6.2) 


positive integers The numbers 1, 2, 3, ...; also called 
the natural numbers. (Sec. 1.1) 


positive slope The slope of a line that slants upward to 
the right. (Sec. 4.4) 


prime polynomial A polynomial that is nonfactorable 
over the integers. (Sec. 7.2) 


principal square root The positive square root of a num- 
ber. (Sec. 1.2, 9.1) 


product In multiplication, the result of multiplying two 
numbers. (Sec. 1.1) 


proportion An equation that states the equality of two 
ratios or rates. (Sec. 8.4) 


Pythagorean Theorem The square of the hypotenuse of a 
right triangle is equal to the sum of the squares of the 
two legs. (Sec. 9.4) 


quadrant One of the four regions into which a rectangu- 
lar coordinate system divides the plane. (Sec. 4.1) 


quadratic equation An equation of the form 
ax2 + bx + c = 0, where a and BD are coefficients, c is a 
constant, and a # 0; also called a second-degree equa- 
HOM (SeCH A250 1 Only) 

quadratic formula A general formula, derived by apply- 
ing the method of completing the square to the standard 
form of a quadratic equation, used to solve quadratic 
equations. (Sec. 10.3) 

quadratic function A function that can be expressed by 
the equation f(x) = ax? + bx + c, where a is not equal to 
zero. (Sec. 6.2, 11.2) 
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quadratic inequality An inequality that can be written in 
the form ax? + bx + c <0 or ax? + bx + c > 0, wherea 
is not equal to zero. The symbols = and = can also be 
used. (Sec. 10.6) 


quadratic trinomial A trinomial of the form ax? + bx +c, 
where a and b are nonzero coefficients and c is.a 
nonzero constant. (Sec. 7.4) 


quadrilateral A four-sided closed figure. (Sec. 3.2) 


radical equation An equation that contains a variable 
expression in a radicand. (Sec. 9.4) 


radical sign The symbol Wie which is used to indicate 
the positive, or principal, square root of a number. 
(Seemir27 9:1) 


radicand In a radical expression, the expression under 
the radical sign. (Sec. 1.2, 9.1) 


radius of a circle A line segment going from the center 
to a point on the circle. The fixed distance, from the 
center of a circle, of all points that make up the circles 
(Sees 2 A116) 


radius of a sphere A line segment going from the center 
to a point on the sphere. (Sec. 3.3) 


range The set of the second coordinates of all the ordered 
pairs of a relation. (Sec. 4.2) 


rate The quotient of two quantities that have different 
units. (Sec. 8.4) 


rate of work That part of a task that is completed in one 
unit of time. (Sec. 8.6) 


ratio The quotient of two quantities that have the same 
unit. (Sec. 8.4) 


rational expression A fraction in which the numerator or 
denominator is a polynomial. (Sec. 8.1) 


a 
rational number A number of the form b° where a and b 


are integers and b is not equal to zero. (Sec. 1.2) 
rationalizing the denominator The procedure used to 


remove a radical from the denominator of a fraction. 
(Sec. 9.2) 


ray A ray starts at a point and extends indefinitely in one 
direction. (Sec. 3.1) 


real numbers The rational numbers and the irrational 
numbers taken together. (Sec. 1.2) 


real part of a complex number For the complex number 
a + bi, a is the real part. (Sec. 9.3) 


reciprocal The reciprocal of a nonzero real number a is 


i 
a also called the multiplicative inverse. (Sec. 1.4) 


reciprocal of a rational expression The rational expres- 


sion with the numerator and denominator interchanged. 
(Sec. 8.1) 


rectangle A parallelogram that has four right angles. 
(Seons-2) 


rectangular coordinate system A coordinate system 
formed by two number lines, one horizontal and one 


vertical, that intersect at the zero point of each line. 
(Sec. 4.1) 


rectangular solid A solid in which all six faces are rec- 
tangles. (Sec. 3.3) 


regular polygon A polygon in which each side has the 
same length and each angle has the same measure. 
(Sec. 3.2) 


relation A set of ordered pairs. (Sec. 4.2) 


repeating decimal A decimal formed when dividing the 
numerator of its fractional counterpart by the denomi- 
nator results in a decimal part wherein one or more 
digits repeat infinitely. (Sec. 1.2) 


right angle A 90° angle. (Sec. 3.1) 


right triangle A triangle that contains one right angle. 
(Sec. 3.1) 


roster method A method of designating a set by enclos- 
ing a list of its elements in braces. (Sec. 1.5) 


ie : 


scatter diagram A graph of collected data as points in a 
coordinate system. (Sec. 4.5) 


scientific notation Notation in which a number is 
expressed as the product of a number between 1 and 10 
and a power of 10. (Sec. 6.1) 


second-degree equation An equation of the form 
ax* + bx +c = 0, where a and b are coefficients, c is a 
constant, and a # 0; also called a quadratic equation. 
(Sec. 10:1) 


set A collection of objects. (Sec. 1.5) 


set-builder notation A method of designating a set that 
makes use of a variable and a certain property that only 
elements of that set possess. (Sec. 1.5) 


similar objects Similar objects have the same shape but 
not necessarily the same size. (Sec. 8.4) 


simplest form of a rational expression A rational 
expression is in simplest form when the numerator and 
denominator have no common factors. (Sec. S210) 


slope A measure of the slant, or tilt, of a line. The symbol 
for slope is m. (Sec. 4.4) 


slope-intercept form of a straight line The equation 
y = mx + b, where m is the slope of the line and (0, b) is 
the y-intercept. (Sec. 4.4) 


solution of a system of equations in three variables An 
ordered triple that is a solution of each equation of the 
system. (Sec. 5.2) 


solution of a system of equations in two variables An 
ordered pair that is a solution of each equation of the 
system. (Sec. 5.1) 


solution of an equation A number that, when substituted 
for the variable, results in a true equation. (Sec. 2.1) 


solution of an equation in three variables An ordered 
triple (x, y, z) whose coordinates make the equation a 
true statement. (Sec. 5.2) 


solution of an equation in two variables An ordered 


pair whose coordinates make the equation a true state- 
ment. (Sec. 4.1) 


solution set of a system of inequalities The intersection 
of the solution sets of the individual inequalities. (Sec. 5.5) 


solution set of an inequality A set of numbers, each ele- 
ment of which, when substituted for the variable, results 
in a true inequality. (Sec. 2.4) 


solving an equation Finding a solution of the equation. 
(Sec, 2.1) 
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sphere A solid in which all points are the same distance 
from point O, which is called the center of the sphere. 


(Sec. 3.3) 
square A rectangle that has four equal sides. (Sec. 3.2) 


square root A square root of a positive number x is a 
number a for which a? = x. (Sec. 1.2) 


square matrix A matrix that has the same number of 
rows as columns. (Sec. 5.3) 


square root of a perfect square One of the two equal 
factors of the perfect square. (Sec. 7.4) 


standard form of a quadratic equation A quadratic 
equation is in standard form when the polynomial is in 
descending order and equal to zero. (Sec. 7.5, 10.1) 


substitution method An algebraic method of finding an 
exact solution of a system of linear equations. (Sec. 5.1) 


straight angle A 180° angle. (Sec. 3.1) 


sum In addition, the total of two or more numbers. 
(Sec. 1.1) 


supplementary angles Two angles whose sum is 180°. 
(Sec. 3.1) 


synthetic division A shorter method of dividing a polyno- 
mial by a binomial of the form x — a. This method uses 
only the coefficients of the variable terms. (Sec. 6.4) 


system of equations Two or more equations considered 
together. (Sec. 5.1) 


system of inequalities Two or more inequalities consid- 
ered together. (Sec. 5.5) 


terminating decimal A decimal formed when dividing 
the numerator of its fractional counterpart by the 
denominator results in a remainder of zero. (Sec. 1.2) 


terms of a variable expression The addends of the 
expression. (Sec. 1.4) 


tolerance of a component The acceptable amount by 
which the component may vary from a given measure- 
ment. (Sec. 2.5) 


transversal A line intersecting two other lines at two 
different points. (Sec. 3.1) 


triangle A three-sided closed figure. (Sec. 3.1) 


trinomial A polynomial of three terms. (Sec. 6.2) 
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undefined slope The slope of a vertical line is undefined. 
(Sec. 4.4) 


uniform motion The motion of an object whose speed 
and direction do not change. (Sec. 2.3, 8.6) 


union of two sets The set that contains all elements that 
belong to either of the sets. (Sec. 1.5) 


value of a function The value of the dependent variable 
for a given value of the independent variable. (Sec. 4.2) 


value mixture problem A problem that involves combin- 
ing two ingredients that have different prices into a 
single blend. (Sec. 2.3) 


variable A letter of the alphabet used to stand for a num- 
ber that is unknown or that can change. (Sec. 1.1) 


variable expression An expression that contains one or 
more variables. (Sec. 1.4) 


variable part In a variable term, the variable or variables 
and their exponents. (Sec. 1.4) 


variable term A term composed of a numerical coeffi- 
cient and a variable part. When the numerical coeffi- 
cient is 1 or —1, the 1 is usually not written. (Sec. 1.4) 


vertex The common endpoint of two rays that form an 
angle. (Sec. 3.1) 


vertex of a parabola The point on the parabola with 
the smallest y-coordinate or the largest y-coordinate. 
(Sec. 11.1) 


vertical angles Two angles that are on opposite sides of 
the intersection of two lines. (Sec. 3.1) 


volume A measure of the amount of space inside a closed 
surface. (Sec. 3.3) 


x-coordinate The abscissa in an xy-coordinate system. 
(Sec. 4.1) 


x-intercept The point at which a graph crosses the x-axis. 
(Sec. 4.3) 


y-coordinate The ordinate in an xy-coordinate system. 
(Sec. 4.1) 


y-intercept The point at which a graph crosses the y-axis. 
(Sec. 4.3) 


zero slope The slope of a horizontal line. (Sec. 4.4) 


e Index 


A 
Abscissa, 201 
Absolute value, 4, 125 
and distance, 125 
equations with, 125 
inequalities with, 126-127 
of numbers, 4 
Absolute-value equations, 125 
Absolute-value function, graph of, 606 
Absolute-value inequalities, 126-127 
applications of, 128 
Acute angle, 148 
Acute triangle, 162 
Addition 
of additive inverses, 40 
Associative Property of, 39 
Commutative Property of, 39 
of complex numbers, 518-519 
of decimals, 20 
Distributive Property, 38 
of fractions, 20 
of functions, 611 
of integers, 5-6 
Inverse Property of, 40 
of polynomials, 344 
of radical expressions, 508-509 
of rational expressions, 441, 442 
of rational numbers, 20-21 
verbal phrases for, 44 
Addition method of solving systems of 
equations, 285-286, 290-291 
Addition Property of Equations, 74 
Addition Property of Inequalities, 113 
Addition Property of Zero, 39 
Additive identity, 63 
Additive inverse, 4, 40 
of polynomials, 344 
Adjacent angles, 148, 150 
Algebraic fractions(s), see Rational 
expression(s) 
al Hassar, 17 
Alternate exterior angles, 151 
Alternate interior angles, 151 
Analytic geometry, 201 
Angle, 146 
acute, 148 
adjacent, 148 
alternate exterior, 151 
alternate interior, 151 
complementary, 147 
corresponding, 151 
exterior, 153 
formed by intersecting lines, 150 
interior, 153 
measure of, 146 
obtuse, 148 
right, 147 
sides of, 146 
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straight, 148 
supplementary, 148 
symbol for, 146 
vertex of, 146 
vertical, 150 
Antilogarithm, 660 
Apothem, 178 
Application problems 
absolute value, 128 
angles, 149, 152 
area, 170 
break-even point, 470 
carbon dating, 680 
compound interest, 679 
current or rate of wind, 305, 473, 
SZ 
distance (rate, time), 103, 305, 473, 
Dae 
distance modulus, 672 
exponential decay, 680 
exponential functions, 679-680 
exponential growth, 679 
factoring, 413-414, 571 
functions, 230, 592, 600 
geometry, 352, 414, 421, 469, 527, 
572 
inequalities, 118, 128 
integers, 10, 413 
investment, 101, 679 
linear equations, 230, 248, 592 
linear functions, 230, 592 
logarithms, 680-681 
markup rate, 470 
minimum and maximum of a 
function, 600 
mixture, 97, 99 
motion, 103, 265, 305, 473, 572 
multiplication of polynomials, 352 
Percent. 17 
percent mixture, 99 
percent-of-light, 681 
perimeter, 165 
pH, 680 
using Polya’s four-step process, 
419-420, 485, 533 
proportions, 458—459, 460 
Pythagorean Theorem, 527, 534 
quadratic equations, 413-414, 
571-572, 600, 639 
rate of wind or current, 305, 473, 
Sy? 
rational numbers, 26 
resistance, 470 
Richter scale, 681 
scientific notation, 336 
slope, 237, 238 
solving equations by factoring, 
413-414, 47] 


solving equations containing 
radicals, 527-528, 534 


solving first-degree equations in one 


variable, 77 
surface area, 184 
systems of equations, 305-307 
tolerance, 128 
translating into equations and 
solving, 89-90 
triangles, 154 
two-variable, 230, 248 
uniform motion, 103, 305, 473, 572 
value mixture, 97 
volume, 181 
variation, 481-482 
work, 471, 571 
Approximation 
of quotients, 21 
of radical expressions, 507 
of the value of a function, 651 
Archimedes, 164 
Area, 166 
Associative Property of Addition, 39 


Associative Property of Multiplication, 


40 
Asymptotes, 487 
of a hyperbola, 633 
Axes, 201 
Axis of symmetry, 191 
ellipse, 631 
hyperbola, 633 
parabola, 596, 625-627 


B 
Balance of trade, 63 
Base 
in exponential expression, 22, 329 
in exponential function, 651 
in logarithmic expression, 659 
of parallelogram, 167 
in percent equation, 77 
of trapezoid, 168 
of triangle, 168 
Basic percent equation, 77 
Binomial expansion, 369 
Binomial factor, 381 
Binomial(s), 341 
expanding powers of, 369 
factors, 381 
product of, 350 
square of a, 351 
Brahmagupta, 17 
Break-even point, 470 
Briggs, 662 
“Burgi, 662 


Cc 


Calculators 
graphing functions with, 264, 641 
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graphing linear equations with, 264 
graphing logarithmic functions with, 
689 
graphing quadratic equations with, 
581 
graphing rational functions with, 
487 
and the Order of Operations 
Agreement, 62 
plus/minus key, 63 
solving first-degree equations with, 
264, 318-319 
solving systems of equations with, 
318 
Carbon dating, 680 
Cardan, 517 
Cartesian coordinate system, 201 
Center 
of circle, 164, 629 
of ellipse, 631 
of hyperbola, 633 
of sphere, 179 
Change-of-Base Formula, 664 
Chapter Review, 67, 137, 193, 267, 321, 
371, 423, 489, 537, 583, 643, 691 
Chapter Summary, 64, 136, 191, 266, 
319, 369, 422, 488, 535, 581, 641, 
690 
Chapter Test, 69, 139, 195, 269, 323, 
373, 425, 491, 539, 585, 645, 693 
Characteristic of common logarithm, 
660 
Chuquet, 497 
Circle, 164, 629 
area of, 169 
circumference of, 164 
Circumference, 164 
Clearing denominators, 455 
Coefficient, 37 
leading, 342 
Coefficient determinant, 300 
Cofactor, 298 
Combined variation, 480 
Combining like terms, 39 
Common denominator, 19 
least common multiple, 19 
Common factor, 379 
Common logarithm, 660 
Commutative Property of Addition, 39 
Commutative Property of 
Multiplication, 41 
Complementary angles, 147 
Completing the square, 553 
geometric method, 553, 579-580 
quadratic formula derivation, 559 
solving quadratic equations, 554—555 
Complex fraction(s), 451 
Complex number(s), 517 
addition and subtraction of, 518-519 
conjugate of, 520 
division of, 522 
multiplication of, 519-520 
Composite function, 613 
Composite number, 135 


Composition, 613-614 
of inverse function, 620 
Compound inequality, 116 
Compound interest formula, 679 
Cone, 179 
surface area of, 183 
volume of, 179 
Conic sections, 625 
circle, 629-630 
ellipse, 631-632 
hyperbola, 633-634 
parabola, 625-627 
Conjugate, 510 
of a complex number, 520 
Consecutive even integers, 413 
Consecutive integers, 413 
Consecutive odd integers, 413 
Constant, 37 
Constant of proportionality, 479 
Constant of variation, 479 
Constant term, 37 
degree of, 329 
of a perfect-square trinomial, 553 
Continued fraction, 486 
Convergent, 486 
Coordinate axes, 201 
Coordinates, 201 
Coordinate system, rectangular, 201 
Corresponding angles, 151 
Counterexamples, 263 
Cramer's Rule, 300—301 
Cube, 180 
of a number, 22 
surface area of, 182, 183 
of a variable, 45 
volume of, 180 
Cube root(s), 463, 502 
Cubes, sum and difference of, 
factoring, 403 
Cubic function, 341 
graphing, 342, 605 
Cumulative Review Exercises, 141, 
197, 271, 325, 375, 427, 493, 541, 
587, 647, 695 
Current or rate-of-wind problems, 305 
Cylinder, 179 
surface area of, 182, 183 
volume of, 180 


D 

DaVinci, 163 

Decagon, 161 

Decimal(s), 17 
and fractions, 17 
operations on, 20, 21 
and percents, 18 
repeating, 17 
representing irrational numbers, 24 
representing rational numbers, 17 
and scientific notation, 335 
terminating, 17 

Dedekind, 507 

Degree 
in angle measurement, 146 
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of a constant term, 329 
of a monomial, 329 
of a polynomial, 341 
of a quadratic equation, 545 
Denominator(s) 
clearing, 455 
common, 19 
least common multiple of, 19 
of rational expressions, 440 
rationalization of, 511—512 
Dependent system, 276, 289 
Dependent variable, 212 
Descartes, 22 
Descending order, 341 
Determinant(s), 297 
cofactor expansion of, 298 
and Cramer's Rule, 300-301 
and solving systems, 300-301 
Diameter 
of a circle, 164 
of a sphere, 179 
Difference 
of two cubes, 403 
of two squares, 401 
Dimensional analysis, 367 
Diophantus, 330 
Direct variation, 479 
Discriminant, 561, 598 
Distance 
and absolute value, 125 
motion problems, 103, 305, 473 
between two points on the number 
line, 125 
Distance modulus, 672 
Distributive Property, 38 
factoring and, 379, 381 
use in simplifying expressions, 39, 
42-43 
use in solving equations, 87-88 
use in solving inequalities, 115 
Division 
of complex numbers, 522 
of decimals, 21 
exponential expressions and, 
331-334 
of fractions, 21, 434 
of functions, 611, 612 
of integers, 8-9 
of monomials, 331 
by one, 9 
of polynomials, 357, 359-360 
of radical expressions, 511-512 
of rational expressions, 434 
of rational numbers, 21 
and reciprocals, 21 
synthetic, 359-360 
verbal phrases for, 45 
and zero, 9 
Domain, 212, 215, 591 
of exponential function, 652 
of inverse function, 618 
of quadratic function, 595, 596 
of radical function, 606 
of rational function, 487 
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Double function, 213 
Double root, 454 


E 
Eccentricity of an ellipse, 640 
Einstein, 73 
Element 
of a matrix, 297 
of a set, 55 
Ellipse, 631, 640 
Empty set, 55 
Endpoint, 145 
Equals sign, 74 
Equation(s), 73 
with absolute value, 125 
Addition Property of, 74 
basic percent, 77 
of circle, 629 
of ellipse, 631 
equivalent, 74 
exponential, 673-674 
first-degree, 74-76, 85-88 
formulas, see Formula(s) 
fractional, 455, 457 
graphs of, see Graph(s) 
of hyperbola, 633 
linear, see Linear equations 
literal, 468 
logarithmic, 675 
Multiplication Property of, 75 
of parabola, 595, 625 
containing parentheses, 87-88 
quadratic, see Quadratic equation(s) 
radical, 525-526 
rational, 455, 457 
reducible to quadratic, 565-568 
second-degree, 545 
solution of, 73, 203 
from solutions, 546—547 
solving, see Solving equations 
systems, see Systems of equations 
in three variables, 288 
translating into, from sentences, 
89-90 
in two variables, 203, 223-230, 
239-240, 245-247 
of variation, 479-481, 487 
Equilateral triangle, 161 
Equivalent equations, 74 
Eratosthenes, 134 
Euclid, 145 
Euler, 486, 652 
Evaluating determinants, 297-299 
Evaluating expressions 
absolute value, 4 
exponential, 23 
logarithmic, 659, 664 
numerical, 33-34 
polynomial, 362 
variable, 37 
Evaluating functions, 214, 341, 345 
Even integer, 413 
Expanding binomials, 369 
Expanding by cofactors, 398 


Exponent(s), 22, 329 
base of, 22, 329 
in division, 331-334 
integers as, 331, 332 
irrational, 651 
in multiplication, 329 
negative, 332 
of perfect cubes, 403 
of perfect squares, 401 
raising a power to a power, 330 
rational, 497-498 
rules of, 329-330 
zero as, 331 
Exponential decay, 680 
Exponential equations, 673-674 
writing equivalent logarithmic 
equations, 659 
Exponential expression(s), 22—23 
division of, 331-334 
evaluating, 23 
factored form of, 22 
multiplication of, 329 
and radical expressions, 499-500 
as repeated multiplication, 22 
simplifying, 330, 331-334, 498 
writing as radical expressions, 
499-500 
Exponential form, 22 
Exponential function, 651 
applications of, 679-680 
evaluating, 651 
graph of, 653 
inverse of, 659 
natural, 652 
one-to-one property of, 659, 673 
Exponential growth, 679 
Export, 63 
Expression(s) 
exponential, 22 
like terms of, 38 
logarithmic, 659 
radical, 24 
rational, 431 
terms of, 37 
variable, 37 
verbal, 44 
Exterior angle, 153 
Extraneous solution, 526 


F 

Faces of a rectangular solid, 179 

Factor 
binomial, 381 
common binomial, 381 
common monomial, 379 
greatest common, 379 
in multiplication, 7 

Factored form of an exponential 

expression, 22 

Factoring 
common binomial factor, 381 
common factors, 379 
completely, 387-388, 405 
difference of two squares, 401 


by grouping, 381 
perfect square trinomial, 401-402 
solving equations by, 411-412, 545 
applications of, 413-414, 571-572 
solving inequalities by, 575 
sum or difference of two cubes, 403 
trinomials, 385-386, 393-396 
trinomials that are quadratic in 
form, 404 
Fibonacci, 76 
Final exam, 697 
First-degree equations 
solving, 74-76, 85-88 
using a calculator, 318-319 
in two variables, 223-230 
First-degree inequalities, 113-117 
in two variables, 259 
Foci of an ellipse, 640 
Focus on Problem Solving, 61, 133, 
189, 263, 317, 367, 419, 485, 533, 
579, 639, 687 
FOIL method, 350 
Formula(s), 467 
for area, 166-169 
Change-of-Base, for logarithms, 
664 
for circumference, 164 
compound interest, 679 
for distance (rate, time), 103 
for perimeter, 162-163 
point-slope, 245 
quadratic, 559 
simple interest, 101 
slope, 235 
for surface area, 182-183 
for volume, 180 
Fractals, 688 
Fraction(s), 17 
addition and subtraction of, 19 
algebraic, see Rational expression(s) 
complex, 451 
continued, 486 
and decimals, 17 
division of, 21, 434 
multiplication of, 20, 432 
and percent, 18 
reciprocals of, 21, 434 
Fractional equations, 455 
reducible to quadratic, 568 
Fractional exponents, 497 
Fractional inequality, 576 
Frustrum, 420 
Function(s), 212 
absolute value, 606 
applications of, 230 
composite, 613-614 
cubic, 341, 342 
domain of, 212, 215, 487 
evaluating, 214 
exponential, 651 
graph of, 223, 605 
horizontal line test for, 618 
inverse, 618 
linear, 223, 341, 591 
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logarithmic, 659 

one-to-one, 617 

operations on, 611-612 

polynomial, 341 

quadratic, 341, 342, 595-596 

radical, 606 

range of, 212, 215 

rational, 487 : 

vertical line teSt for, 606 
Functional notation, 213-214 


G 
Galois, 85 
Gauss, 485 
Geometry, 145 
analytic, 201 
Geometric solid, 179 
Goldbach’s conjecture, 263 
Golden rectangle, 163, 486 
Graph(s) 
of absolute value function, 606 
applications of, 220, 639 
with calculator, 264, 317-319, 487, 
689 
of circles, 629-630 
of cubic functions, 342, 605 
of ellipses, 631-632 
of exponential functions, 653 
of functions, 223, 605 
of horizontal line, 228 
of hyperbolas, 633-634 
of inequalities 
in one variable, 57-58 
in two variables, 259-260 
of integers, 3 
of inverse functions, 619 
of linear equation in three variables, 
288 
of linear equation in two variables, 
223-230, 239-240 
of linear functions, 223, 591 
of logarithmic functions, 669, 689 
of motion, 265 
of one-to-one functions, 617 
of ordered pair, 201-202 
of ordered triple, 288 
of parabolas, 595-596, 625-627 
of polynomial functions, 342 
of quadratic functions, 342, 581, 
595-596 
of radical functions, 606 
of rational functions, 487 
of scatter diagram, 205 
of solution sets of systems of 
inequalities, 313 
of systems of linear equations, 
Mf IT its 
of vertical line, 228 
using x- and y-intercepts, 227 
Graphing calculator, 264, 3 i7=si9} 
487, 580-581, 641, 689 
Greater than, 3 
Greater than or equal to, 3 


Greatest common factor (GCF), 379 
Grouping, factoring by, 381 
Grouping symbols, 33 


H 
Half-plane, 259 
Harriot, 57 
Height 

of parallelogram, 167 

of trapezoid, 168 

of triangle, 168 
Hemisphere, 188 
Heptagon, 161 
Hexagon, 161 
Hexagram, 178 
Hoppe, 290 
Horizontal line, 228 
Horizontal line test, 618 
Hypatia, 146, 625 
Hyperbola, 633 
Hypotenuse, 527 


I 
Imaginary number (7), 517 
Import, 63 
Inconsistent system, 276, 289 
Independent system, 275, 289 
Independent variable, 212 
Index of a radical expression, 500 
Inductive reasoning, 61 
Inequality(ies) - 
with absolute value, 126-127 
Addition Property of, 113 
applications of, 118, 128 
compound, 116 
fractional, 576 
graphs of 
in one variable, 57-58 
in two variables, 259-260 
linear, 259 
Multiplication Property of, 114 
nonlinear, 575-576 
parentheses in, 115 
quadratic, 575 
rational, 576 
solution set of 
in one variable, 113 
in a system of, 313 
in two variables, 259 
solving, see Solving inequalities 
systems of, 313 
Inequality symbols, 3 
Input/output table, 595 
Integer(s), 3 
addition of, 5—6 
applications of, 10 
consecutive, 413 
division of, 8-9 
even and odd, 413 
as exponents, 331-332 
multiplication of, 7-8 
negative, 3 
positive, 3 
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subtraction of, 6 
Intercepts 

of an ellipse, 631 

graphing using, 227 

of a parabola, 597 

x- and y-, 227 
Interest, 101 
Interest rate, 101 
Interior angle, 153 
Intersecting lines, 146 

problems involving, 150-152 
Intersection 

point of, 275 

of sets, 55 
Inverse 

additive, 4, 40 

of a polynomial, 344 
of exponential function, 659 
of functions, 618 
composition of, 620 

multiplicative, 41 
Inverse Property of Addition, 40 
Inverse Property of Multiplication, 40 
Inverse function, 618 
Inverse variation, 480 
Investment problems, 101, 679 
Irrational number, 24, 507 
Isosceles trapezoid, 162 
Isosceles triangle, 161 


J 


Joint variation, 480 


L 
Leading coefficient, 342 
Least common denominator, 19 
Least common multiple (LCM), 19, 
439 
Legs of a right triangle, 527 
Leibnitz, 201 
Less than, 3 
Less than or equal to, 3 
Like terms, 38 
Line(s), 145 
equations of, see Linear equations 
horizontal, 228 
intersecting, 146 
parallel, 146 
slopes of, 253 
perpendicular, 147 
slopes of, 254 
slope of, 235 
vertical, 228 
Linear equation(s), 223 
applications of, 230, 248 
graphing, 223-228 
with calculator, 264 
slope, 235 
slope-intercept form, 239 
solution of, 203 
systems of, see Systems of Equations 
in three variables, 288 
in two variables, 223 


Index 
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writing, given the slope and a point 
on the line, 245-246 
writing, given two points, 246-247 
x- and y-intercepts of, 227 
Linear function, 223, 341, 591 
applications of, 230, 592 
see also Linear equation(s) 
Linear inequality, 259 
system of, 313 
Line segment, 145 
Literal equations, 467 
Logarithm(s), 659 
anti-, 660 
Change-of-Base Formula for, 664 
characteristic of, 660 
common, 660 
equations, solving, 675, 689 
mantissa of, 660 
natural, 660 
Properties of, 661-663 
use in solving exponential equations, 
674 
Logarithmic equation(s), 675, 689 
converting to exponential equations, 
659 
Logarithmic function(s), 659 
applications of, 680-681 
graphs of, 669, 689 
properties of, 661-663 
Lower limit, 128 


M 
Magic square, 36 
Mantissa of a common logarithm, 660 
Matrix, 297 
cofactor of a, 298 
element of a, 297 
order of a, 297 
minor of a, 297 
square, 297 
Maximum value of a quadratic 
function, 599 
Minimum value of a quadratic 
function, 599 
Minor of a matrix, 297 
Mixture problems 
percent mixture, 99 
value mixture, 97 
Monomial(s), 329, 341 
common factor, 379 
degree of, 329 
products of, 329 
quotients of, 331-334 
simplifying powers of, 330 
Motion problems, 103, 265, 305, 473 
Multiple, least common, 19 
Multiplication 
Associative Property of, 40 
of binomials, 350 
Commutative Property of, 41 
of complex numbers, 519-520 
of decimals, 21 
Distributive Property, 38 


of exponential expressions, 329 

FOIL method, 350 

of fractions, 20, 432 

of functions, 611 

of integers, 7-8 

Inverse Property of, 41 

of monomials, 329 

by one, 41 

of polynomials, 349-350 

of radical expressions, 509-510 

of rational expressions, 432-433 

of rational numbers, 20 

verbal phrases for, 45 

by zero, 411 
Multiplication Property of Equations, 75 
Multiplication Property of Inequalities, 

114 

Multiplication Property of One, 41 
Multiplication Property of Zero, 411 
Multiplicative identity, 63 
Multiplicative inverse, 41 


N 
Napier, 662 
Natural exponential function, 652 
Natural logarithm, 660 
Natural number, 3 
Negative exponent, 332 
Negative integer, 3 
as an exponent, 332 
Negative reciprocal, 254 
Negative square root, 501 
Newton, 332 
Nonagon, 161 
Nonfactorable over the integers, 386 
Nonlinear inequalities, 575-576 
nth root, 497, 499, 501 
Null set, 55 
Number line 

absolute value and, 125 

addition on, 5 

graph of an integer on, 3 

multiplication on, 7 
Number(s) 

absolute value of, 4 

complex, 517 

composite, 135 

imaginary, 517 

integer, 3 

irrational, 24, 507 

natural, 3 

perfect, 384 

polygonal, 166, 485 

prime, 134 

rational, 17 

real, 24 

triangular, 485 
Numerator determinant, 300 
Numerical coefficient, 37 











O 
Obtuse angle, 148 
Obtuse triangle, 162 


Octagon, 161 
Odd integer, 413 
One 
in division, 9 
Multiplication Property of, 41 
One-to-one function, 617 
One-to-One Property of Exponential 
Functions, 659, 673 
One-to-One Property of Logarithms, 
662 
Opposite, 4, 40 
of a polynomial, 344 
Ordered pair, 201, 202 
Ordered triple, 288 
Order of a matrix, 297 
Order of Operations Agreement, 33—34 
and calculators, 62 
Ordinate, 201 
Origin, 201 


P 
Parabola, 595 
axis of symmetry, 596, 625-627 
equation of, 595, 625 
graphs of, 595-596, 625-627 
intercepts of, 597-598 
vertex of, 596, 625-627 
Parallel lines, 146 
slopes of, 253 
Parallelogram, 162 
area of, 167 
Parkinson, 679 
Parsec, 335 
Pascal's Triangle, 369 
Pentagon, 161 
Percent, 18 
Percent equation, 77 
Percent mixture problems, 99 
Percent-of-light equation, 681 
Perfect cube, 403 
Perfect number, 384 
Perfect powers, 502 
Perfect square, 24, 401 
Perfect-square trinomial, 401, 553 
Perimeter, 162 
Perpendicular lines, 147 
slopes of, 254 
pH equation, 680 
Pi, 164 
Pixel, 264 
Plane, 145, 201 
Plane figure, 145 
Plotting points, 201-202 
Point, 145 
Point-slopeformula, 245 
Polya, 420 
Polygon, 161 


~ Polygonal numbers, 166, 485 


Polynomial(s); 341 
addition and subtraction of, 344-345 
additive inverse of, 344 — 
binomial, 341 
degree of, 341 
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descending order, 341 
division of, 357, 359-360 
evaluating, 362 
factoring, see Factoring 
greatest common factor of the terms 
of, 379 
the LCM of, 439 
monomial, 329341 
multiplication of, 349-351 
nonfactorable over the integers, 386 
prime, 386 
trinomial, 341 
Polynomial function(s), 341 
evaluating, 341 
graph of, 342 
Positive integer, 3 
Power(s) 
of exponential expressions, 330 
of products, 330 
of quotients, 332 
simplifying, 22—23 
verbal phrases for, 45 
Prep Test, 2, 72, 144, 200, 274, 328, 
378, 430, 496, 544, 590, 650 
Prime number, 134 
Prime polynomial, 386 
Principal, 101 
Principal square root, 24, 501 
Principle of Zero Products, 411, 545 
Product(s) 
of complex numbers, 519-520 
of conjugates, 510, 520 
expressing trinomials as, see Factoring 
in multiplication, 7 
of multiplicative inverses, 41 
of polynomials, 349-351 
of radical expressions, 509-510 
of rational expressions, 432 
simplifying powers of, 330 
of the square of a binomial, 351 
of the sum and difference of two 
terms, 351 
of two binomials, 350 
Product Property of Radicals, 507 
Product Property of Square Roots, 25 
Projects and Group Activities, 62, 134, 
190, 264, 317, 369, 421, 486, 534, 
579, 640, 688 
Proof by contradiction, 687 
Property(ies) 
Associative 
of Addition, 39 
of Multiplication, 40 
Commutative 
of Addition, 39 
of Multiplication, 41 
of the Composition of Inverse 
Functions, 620 
Distributive, 38 
in division, 9 
of Equations 
Addition, 74 
Multiplication, 75 
of Inequalities 


of Addition, 113 
of Multiplication, 114 
Inverse, of Addition, 40 
Inverse, of Multiplication, 41 
of logarithms, 661-663 
of One, Multiplication, 41 
one-to-one, of exponential functions, 
659 
one-to-one, of logarithms, 662 
Product, of Radicals, 507 
Product of Square Roots, 25 
Quotient, of Radicals, 511 
of Raising Both Sides of an 
Equation to a Power, 525 
of Zero, 39, 411 
Proportion, 457 
applications, 458-459, 460 
Proportionality, constant of, 479 
Protractor, 147 
Ptolemy, 3 
Pyramid, 179 
surface area of, 183 
volume of, 180 
Pythagorean Theorem, 527 
Pythagorean triple, 537 


Q 
Quadrant, 201 
Quadratic equation(s), 411, 545 
applications of, 413-414, 571-572, 
600 
degree, 545 
discriminant of, 561 
reducible to, 565-568 
solving 
by completing the square, 554-555 
by factoring, 411-412, 545 
by using a graphing calculator, 581 
by quadratic formula, 560-561 
by taking square roots, 547-548 
standard form, 411 
writing, given solutions, 546-547 
Quadratic formula, 559 
Quadratic function, 341, 595 
graph of, 342, 595-596 
maximum and minimum of, 599 
x-intercepts of graph of, 581, 597 
Quadratic inequality, 575 
Quadrilateral, 161, 162 
Quotient Property of Radicals, 511 


R 
Radical equation, 525 
reducible to quadratic, 566 
Radical expression(s) 
addition and subtraction of, 508-509 
division of, 511-512 
exponential form of, 499-500 
index of, 499 
multiplication of, 509-510 
radicand of, 499 
rationalizing denominators of, 
EM hae 
simplest form of, 507-511 
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simplifying, 24—25, 501-502, 
507-508 
Radical function, 606 
Radical sign, 24, 499 
Radicand, 24, 499 
Radius 
of a circle, 164, 629 
of a sphere, 179 
Range, 212, 215 
estimating from a graph, 607 
of exponential function, 652 
of inverse function, 618 
of quadratic function, 595, 596 
Rate 
interest, 101 
motion problems, 103 
in proportions, 457 
in work problems, 471 
Rate-of-wind or current problems, 305, 
473, 572 
Ratio, 457 
Rational equation, 455 
reducible to quadratic, 568 
Rational exponents, 497—498 
Rational expression(s), 431 
addition and subtraction of, 441, 
442 
division of, 434 
expressing in terms of the LCD, 440 
multiplication of, 432-433 
simplifying, 431 
solving equations containing, 455 
Rational function, 487 
Rational inequality, 576 
Rationalizing a denominator, 511-512 
Rational number(s), 17 
addition and subtraction of, 19-20 
applications of, 26 
decimal notation for, 17 
division of, 21 
as exponents, 497—498 
multiplication of, 20, 21 
Ray, 145 
Real number, 24 
Reciprocal(s), 21, 41, 434 
and division, 21 
negative, 254 
of rational expressions, 434 
Rectangle, 162 
area of, 166 
golden, 163, 486 
perimeter of, 163 
Rectangular coordinate system, 201 
Rectangular solid, 179 
surface area of, 182, 183 
volume of, 180 
Regular polygon, 161 
Relation, 211 
Remainder Theorem, 362 
Repeating decimal, 17 
Rhombus, 162 
Richter scale, 681 
Right angle, 147 
Right triangle, 162, 527 


Abd4 Index 


Root(s) 
cube, 403, 502 
double, 545 
nth, 497, 499, 501 
of perfect powers, 501—502 
square, 24, 401, 502 
Roster method, 55 
Rudolff, 499 
Rule for Dividing Exponential 
Expressions, 333 
Rule for Multiplying Exponential 
Expressions, 329 
Rule for Simplifying Powers of 
Exponential Expressions, 330 
Rule for Simplifying Powers of 
Products, 330 
Rule for Simplifying Powers of 
Quotients, 332 
Rules of exponents, 333 


Ss 


Scalene triangle, 161 
Scatter diagrams, 206 
Scientific notation, 335 
Second-degree equation, 545 
Seismogram, 686 
Sequence, 61 
Serensen, 680 
Set(s), 3, 55 
element of, 55 
empty, 55 
graphs of, see Graph(s) 
intersection of, 55 
null, 55 
solution, 113 
union of, 55 
writing 
using roster method, 55 
using set builder notation, 56 
Set builder notation, 56 
Sides 
of an angle, 146 
of a polygon, 161 
Sieve of Eratosthenes, 134 
Similar triangles, 458-459 
Simple interest, 101 
Simplest form 
of an exponential expression, 332 
of a radical expression, 507, 511 
of arate, 457 
of a ratio, 457 
of a rational expression, 431 
Simplifying 
complex fractions, 451 
complex numbers, 517-518 
exponential expressions, 23, 330, 
331-334 
expressions with rational exponents, 
497-498 
numerical expressions, 33-34 
radical expressions, 24—25, 501-502 
507-508 
rational expressions, 431 
variable expressions, 38—43 


’ 


Slant height 
of a cone, 179 
of a pyramid, 179 
Slope-intercept form of linear 
equation, 239 
Slope of a line, 235 
applications of, 237, 238 
of parallel lines, 253 
of perpendicular lines, 254 
Solution(s) 
of equations, 73 
extraneous, 526 
of inequalities, see Solution set of an 
inequality 
of linear equation in three variables, 
289 
of linear equation in two variables, 
203 
of quadratic equation, see Quadratic 
equation(s) 
of system of equations, 275, 290 
Solution set of an inequality, 113 
linear, 259 
quadratic, 575 
rational, 576 
system, 313 
Solving equations 
with absolute value, 125 
using the Addition Property, 74-75 
exponential, 673-674 
by factoring, 411-412, 545 
first-degree, 74-76, 85-88, 318-319 
fractional, 455, 457, 568 
literal, 467 
logarithmic, 675, 689 
using the Multiplication Property, 76 
containing parentheses, 87-88 
proportions, 457 
quadratic, see Quadratic equation(s) 
containing radical expressions, 
525-526, 566 
rational, 455, 457 
reducible to quadratic, 565-568 
systems of, see Systems of equations 
Solving inequalities 
with absolute value, 126-127 
using the Addition Property, 113-114 
applications of, 118, 128 
compound, 116-117 
by factoring, 575 
fractional, 576 
using the Multiplication Property, 
114-115 
in one variable, 113-115 
containing parentheses, 115 
rational, 576 
systems of, 313 
Solving proportions, 457 
Sphere, 179 
surface area of, 182, 183 
volume of, 180 
Square, 162 
area of, 167 
of a binomial, 351, 553 


of a number, 22 
perfect, trinomial, 401 
perimeter of, 163 
of a variable, 45 
Square function, 213, 214 
Square matrix, 297 
Square numbers, 166 
Square root(s), 24, 499 
approximating, 24 
of negative numbers, 501 
of a perfect square, 24, 401, 502 
principal, 24, 501 
simplifying numerical, 25 
taking, in solving equations, 547-548 
Standard form of the equation of a 
circle, 629 
Standard form of the equation of an 
ellipse with center at the origin, 
631 
Standard form of the equation of a 
hyperbola with center at the 
origin, 633 
Standard form of a quadratic equation, 
411, 545 
Stevin, 17, 21 
Straight angle, 148 
Substitution method for solving 
systems of equations, 278-279 
Subtraction 
of complex numbers, 518-519 
of decimals, 20 
of fractions, 19 
of functions, 611 
of integers, 6 
of polynomials, 345 
of radical expressions, 508-509 
of rational expressions, 441-442 
of rational numbers, 19-20 
verbal phrases for, 45 
Sum of additive inverses, 40 
Sum and difference of two terms, 
Boil 
Sum or difference of two cubes, 403 
Supplementary angles, 148 
Surface area, 182 
Surveyor’s Area Formula, 304 
Symbols 
angle, 146 » 
cube root, 403 
empty set, 55 
i, SUE 
inequality, 3 
intersection, 55 
is approximately equal to, 21 
is not equal to, 9 
parallel, 146 
perpendicular, 147 
pi, 164 x 
Square root, 24, 401, 499 
union, 55 
Symmetry, 191 : 
axis of, see Axis of symmetry 
Synthetic division, 359-360 
and evaluating polynomials, 362 
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Systems of equations, 275 
applications of, 305-307 
dependent, 276, 289 

| graphing, 275-277 
| inconsistent, 276, 289 
independent, 275, 289 
solution of, 275, 290 
solving 
by addition method, 285-286, 
290-291 
by using Cramer's Rule, 300-301 
by graphing, 275-277 
by using a graphing calculator, 318 
by substitution method, 278-279 
in three variables, 290 
in two variables, 275 
Systems of inequalities, 313 


T 
Tangent, 597 
Terminating decimal, 17 
Term(s), 37 
coefficient of, 37 
combining like, 39 
constant, 37 
like, 38 
of a sequence, 61 
Theorem 
Pythagorean, 527 
Remainder, 362 
Tolerance, 128 
Trade deficit, 64 
Translating sentences into equations, 
89-90 
Translating verbal expressions into 
variable expressions, 44-46 
Transversal, 151 
Trapezoid, 162 
area of, 168-169 
Trial-and-error method, 189 
Triangle(s), 153, 161 
area of, 168 


perimeter of, 162 
right, 162, 527 
similar, 458-459 
Triangular numbers, 485 
Trinomial, 341 
factoring, 385-388, 393-396 
perfect-square, 401 
quadratic in form, 404 


U 


Uniform motion problems, 103, 305, 


473 
Union, of sets, 55 
Upper limit, 128 


V 
Value of a function, 214 
Value mixture problems, 97 
Variable, 3, 37 
dependent, 212 
independent, 212 
Variable expression(s), 37 
evaluating, 37 
like terms of, 38 
simplifying, 38-43 
translating into, from verbal 
expressions, 44—46 
Variable part of a variable term, 37 
Variable term, 37 
Variation, 479-481 
Verbal expressions, translating into 
variable expressions, 44—46 
Vertex, 146 
of an angle, 146 
of a cone, 179 
of a hyperbola, 633 
of a parabola, 596, 625-627 
Vertical angles, 150 
Vertical line, 228 
Vertical line test, 606 
Viewing window, 264 
Volume, 180 


Index A55 


W 
Work problems, 471 


Xx 
x-axis, 201 
x-coordinate, 201 
x-coordinate of the vertex, 546, 626, 
627 
x-intercept(s), 227, 580 
discriminant and, 598 
of an ellipse, 631 
of a line, 227 
of a parabola, 597-598 
and solutions of equations, 581, 641 
xy-coordinate system, 203 
xyz-coordinate system, 288 


Y 
y-axis, 201 
y-coordinate, 201 
y-coordinate of the vertex, 546, 626, 
627 
y-intercept(s), 227 
of an ellipse, 631 
of a line, 227 
of a parabola, 597 


Z 

z-axis, 288 

Zero(s), 3 
absolute value of, 4 
Addition Property of, 39 
in the denominator of a rational 

expression, 9 

division and, 9 
as an exponent, 331 
Multiplication Property of, 411 
Products, Principle of, 411, 545 
square root of, 501 

zero-level earthquake, 681 


Table of Measurement Abbreviations | 
me ere een ae mae a eT a 


U.S. Customary System 


Area Rate 

in? square inches ft/s feet per second 
ft? square feet mph miles per hour 
yd? square yards 

mi? square miles 


Metric System 


Length Capacity Weight 

in. inches OZ ounces oz ounces 
ft feet c cups Ib pounds 
yd yards qt quarts 

mi miles gal gallons 

Length Capacity Weight 

mm _ millimeters ml milliliters mg milligrams 
cm centimeters cl centiliters cg centigrams 
m meters L liters g grams 

km __ kilometers kl _ kiloliters kg kilograms 


h hours 


min minutes 


Area Rate 
cm? square centimeters m/s 
m? square meters 
km? square kilometers 


meters per second 
km/s kilometers per second 
km/h_ kilometers per hour 


Time 


s seconds 


Table of Equations and Geometric Formulas 





Perimeter 

Triangle: P=a+b+c 
Rectangle: P = 2L + 2W 
Square: P = 4s 

Circle: C = wd or C = 2ar 


Volume 
Rectangular solid: V = LWH 
Cubes s- 


4 
Sphere: V = = ar 


Right circular cylinder: V = ar*h 


Right circular cone: V = sah 


Regular pyramid: V = ssh 


Triangles 


ZATVZAB + A26G— 1802 


Slope-Intercept Form of a Straight Line 


y = mx + b, where m = slope and b = y-intercept 


Slope of a Line 
ays 

hae hei ee 
Ag Xe 


Area 
; 1 
Triangle: A = 5 bh 


Rectangle: A = LW 
Square: A = s? 

Circle: A = ar’ 
Parallelogram: A = bh 


Trapezoid: A = Shib; + b5) 


Surlace Area 

Rectangular solid: S = 2LW + 2LH + 2WH 
Cube: S = 6s? 

Sphere: S = 4qr? 

Right circular cylinder: S = 2ar? + 2mrh 
Right circular cone: S = mr? + al 

Regular pyramid: S = s* + 2s/ 


Pythagorean theorem 44, 
\ 
c= +p 
Point-Slope Formula 


PS Vy = ae 


Quadratic Formula 


os —b + Vb? — 4ac 
2a 
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Preface 


Many students have difficulty in mathematics; 
in fact, math is considered one of the most difficult 
subjects in college. Although other students may not 
find it as difficult, it still takes them many homework 
hours to understand it. Most students do not know 
that 25 percent of their math grade is based on affec- 
tive characteristics, such as math study skills. How- 
ever, most students are never taught math study skills. 
In any case, these students need to pass their math 
course to graduate. 

What kind of assistance do most students 
want? Students want tips and procedures they can 
_ use to help them improve their math grades. The math 
study suggestions, however, have to be based on re- 
search and be statistically proven to improve student 
learning and grades. Math Study Skills Workbook 
is based on Winning at Math: Your Guide to Learn- 
ing Mathematics Through Successful Study Skills 
(1997), which is the only math study skills text that 


can boast statistical evidence demonstrating an im- 
provement in students’ ability to learn math and 
make better grades. Learning and using these study 
skills techniques will improve your grades. 

Math Study Skills Workbook is designed to 
supplement your math course or study skills course 
or to be used as part of a math anxiety workshop. 
The workbook is designed for independent work or 
to be supplemented by lectures. To gain the most 
benefit, the workbook needs to be completed by mid- 
term. 

This workbook is designed to enhance learn- 
ing by teaching math learning skills in small “chunks.” 
After each chapter section, you are required to re- 
call the most important information by writing it 
down. The writing exercises are especially designed 
for you to personalize learning techniques, such as 
the ten steps to better test taking. Each chapter re- 
view is designed to reinforce your learning and to 
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give you the opportunity to immediately select and 
use the best learning strategy from that chapter. Lec- 
ture Notes pages have been added, where possible, 
to allow you to include your notes in this workbook. 


Remember: To get the most benefit, you 
must complete this workbook and be using 
these learning techniques by midterm. 


Chapter 1 


What You 
Need to Know 
to Study Math 





Mathematics (math) courses are not like other 
courses. Because they are different, they require dif- 
ferent study procedures. Passing most of your other 
courses requires only that you read, understand, and 
recall the subject material. To pass math, however, an 
extra step is required: You must use the information 
you have learned to correctly solve math problems. 

Learning general study skills can help you pass 
most of your courses. But special math study skills are 
needed to help you learn more and get better grades in 
math. In this chapter, you will find out 


— why learning math is different from learning 
other subjects, 

— what the differences are between high school 
and college math, and 

— why your first math test is very important. 


Why learning math is different 
from learning other subjects 


In a math course, you must be able to do three things: 


= 


Understand the material 

Process the material 

3. Apply what you have learned to correctly solve 
a problem. 


tS 


Of these three tasks, applying what you have 
learned to correctly solve a problem is the hardest. 














Examples: Political science courses require that 
you learn about politics and public service. But 
your instructor will not make you run for gover- 
nor to pass the course. Psychology courses re- 
quire you to understand the concepts of different 
psychology theories. But you will not have to help 
a patient overcome depression to pass the course. 
In math, however, you must be able to correctly 
solve problems to pass the course. 


Sequential Learning Pattern 


Another reason learning math is different 
from learning other subjects is that it follows a 
sequential learning pattern, which simply means 
that the material learned on one day is used the 
next day and the next day, and so forth. This build- 
ing-block approach to learning math is the reason it 
is difficult to catch up when you fall behind. All build- 
ing blocks must be included to be successful in learn- 
ing math. 

You can compare learning math to building a 
house. Like a house, which must be built foundation 
first, walls second, and roof last, math must be learned 
in a specific order. Just as you cannot build a house 
roof first, you cannot learn to solve complex problems 
without first learning to solve simple ones. 


Example: In a history class, if you study Chap- 
ters 1 and 2, do not understand Chapter 3, and 
end up studying and having a test on Chapter 
4, you could pass. Understanding Chapter 4 in 


history is not totally based on comprehending 
Chapters 1, 2, and 3. To succeed in math, how- 
ever, each previous chapter has to be com- 
pletely understood before you can continue to 
the next chapter. 


Sequential learning affects your ability to study 
for math tests, as well. If you study Chapter land un- 
derstand it, study Chapter 2 and understand it, and 
study Chapter 3 and do not understand it, then when 
you study for a test on Chapter 4, you are not going 
to understand it either, and you probably will not do 
well on the test. 


Remember: To learn the new math mate- 
rial for the test on Chapter 5, you must first 
go back and learn the material in Chapter 
4. This means you will have to go back and 
learn Chapter 4 while learning Chapter 5. 
(The best of us can fall behind under these 
circumstances.) However, if you do not un- 
derstand the material in Chapter 4, you will 
not understand the material in Chapter 5 ei- 
ther, and you will fail the test on Chapter 5. 
This is why the sequential learning of math 
concepts if so important. 


The sequential learning pattern is also affected 
by 


— your previous math course grade, 
— your math placement tests scores, and 
— the time elapsed since your last math course. 


Sequential learning is influenced by how much 
math knowledge you have at the beginning of your 
course. Students who forgot or never acquired the 
necessary skills from their previous math course will 
have difficulty with their current math course. If 
you do not remember what you learned in your last 
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math course, you will have to relearn the math con- 
cepts from the previous course as well as the new 
material for the current course. In most other 
courses, such as the humanities, previous course 
knowledge is not required. However, in math you 
must remember what the last course taught you so 
that you are prepared for the current course. Mea- 
suring previous course knowledge will be explained 
in Chapter 2, “How to Discover Your Math-Learning 
Strengths and Weaknesses.” 

Sequential learning is also affected by your math 
placement test scores. If you barely scored high 
enough to be placed into a math course, then you 
will have math-learning gaps. Learning problems will 
occur when new math material is based on one of 
your learning gaps. The age of the placement test 
score also affects sequential learning. Placement test 
scores are designed to measure your current math 
knowledge and are to be used immediately. 

Sequential learning is interrupted if math 
courses are taken irregularly. Math courses are de- 
signed to be taken one after another. By taking math 
courses each semester, without semester breaks in be- 
tween courses, you are less likely to forget the con- 
cepts required for the next course. 


Math as a Foreign Language 


Another helpful technique for studying math is 
to consider it a foreign language. Looking at math 
as a foreign language can improve your study proce- 
dures. If you do not practice a foreign language, what 
happens? You forget it. If you do not practice math, 
what happens? You are likely to forget it, too. Stu- 
dents who excel in a foreign language must practice it 
at least every other day. The same study skills apply to 
math, because it is considered a foreign language. 

Like a foreign language, math has unfamiliar vo- 
cabulary words or terms that must be put in sentences 
called equations. Understanding and solving a math 
equation is similar to speaking and understanding a 
sentence in a foreign language. 


What You Need to Know to Study Math 


Example: Math sentences use symbols (which 
stand for spoken words), such as 


= (for which you say, “equal”), 
- (for which you say, “less”), and 
a (for which you say, “unknown”). 





Learning how to speak math as a language is 
the key to math success. Currently, most universi- 
ties consider computer and statistics (a form of math) 
courses as foreign languages. Some universities have 
now gone so far as to actually classify math as a for- 
eign language. 


Math as a Skill Subject 


Math is a skill subject, which means you have to 
practice actively the skills involved to master it. 
Learning math is similar to learning to play a sport, 
learning to play a musical instrument, or learning auto 
mechanics skills. You can listen and watch your coach 
or instructor all day, but unless you practice those skills 
yourself, you will not learn. 


Examples: In basketball, the way to improve your 
free throw is to see and understand the correct 
shooting form and then practice the shots yourself. 
Practicing the shots improves your free-throwing 
percentage. However, if you simply listen to your 
coach describe the correct form and see him 
demonstrate it, but you do not practice the correct 
form yourself, you will not increase your shooting 
percentage. 

Suppose you want to play the piano, and you 
hired the best available piano instructor. You sit 
next to your instructor on the piano bench and 
watch the instructor demonstrate beginning piano- 
playing techniques. You see and understand how 
to place your hand on the keys and play. But what 
does it take to learn to play the piano? You have 


to place your hands on the keys and practice. 
continued 












Math works the same way. You can go to class, 
listen to your instructor, watch the instructor dem- 
onstrate skills, and understand everything that is 
said (and feel that you are quite capable of solving 
the problems). However, if you leave the class and 
do not practice — by working and successfully solv- 
ing the problems — you will not learn math. 








Many of your other courses can be learned by 
methods other than practicing. In social studies, for 
example, information can be learned by listening to 
your instructor, taking good notes, and participat- 
ing in class discussions. Many students mistakenly 
believe that math can be learned the same way. 


Remember: Math is different. If you want 
to learn math, you must practice. Practice 
not only means doing your homework but 
also means spending the time it takes to un- 
derstand the reasons for each step in each 
problem. 


A Bad Math “Attitude” 


Students’ attitudes about learning math are dif- 
ferent from their attitudes about learning their other 
subjects. Many students who have had bad past ex- 
periences with math do not like math and have a bad 
attitude about learning it. In fact, some students 
actually hate math, even though these same students 
have positive experiences with their other subjects 
and look forward to going to class. 

Society, as a whole, reinforces students’ nega- 
tive attitudes about math. It has become socially 
acceptable not to do well in math. This negative at- 
titude has become evident even in popular comic 
strips, such as Peanuts. The underlying message is 
that math should be feared and hated and that it is 
all right not to learn math. 

This “popular” attitude toward math may rein- 
force your belief that it is all right to fail math. Such 
a belief is constantly being reinforced by others. 

The bad math attitude is not a major problem, 
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however. Many students who hate math pass it any- 
way, just as many students who hate history still 
pass it. The major problem concerning the bad math 
attitude is how you use this attitude. If a bad math 
attitude leads to poor class attendance, poor con- 
centration, and poor study skills, then you have a 
bad math attitude problem. 


Remember: Passing math is your goal, re- 
gardless of your attitude. 


ES 





Fy — Section Review — 





1. How does a sequential learning pattern affect 
math learning? 


























Give two examples: 


Example 1: 
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2. List two examples of how learning math is simi-: 
lar to learning a foreign language. 


Example 1: 


Example 2: 


3. How is math similar to a skills subject? 








4. List three ways a bad math attitude could affect 


your mathematics learning. 








What You Need to Know to Study Math 


The differences between 
high school and college math 


Math, as a college-level course, is almost two to 
three times as difficult as high school-level math 
courses. There are many reasons for the increased 
difficulty: course class time allowance, the amount 
of material covered in a course, the length of a course, 
and the college grading system. 

The first important difference between high 
school and college math courses is the length of time 
devoted to instruction each week. Most college math 
instruction, for the fall and spring semesters, has 
been cut to three hours per week; high school math 
instruction is provided five hours per week. Addi- 
tionally, college courses cover twice the material in 
the same time frame as do high school courses. What 
is learned in one year of high school math is learned 
in one semester (four months) of college math. 

Simply put, in college math courses you are re- 
ceiving less instructional time per week and cover- 
ing twice the ground per course as you were in high 
school math courses. The responsibility for learn- 
ing in college is the student’s. As a result, most of 
your learning (and practicing) will have to occur 
outside of the college classroom. 


College Summer Semester 
Versus Fall or Spring Semester 
and the Difference Between Night and Day 


College math courses taught during summer 
semesters are more difficult than those taught dur- 
ing fall or spring. Further, math taught during night 
courses is more difficult than math taught during 
day courses. 

Students attending a six-week summer math ses- 
sion must learn the information — and master the 
skills — two and a half times as fast as students at- 
tending regular, full-semester math sessions. Though 
you receive the same amount of instructional class- 
room time, there is less time to understand and prac- 
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tice the skills between class sessions. 

Summer classes are usually two hours per day, 
four days per week (nighttime summer classes are 
four hours per night, two nights per week). 





Example: If you do not understand the lecture on 
Monday, then you have only Monday night to learn 
the material before progressing to more difficult 
material on Tuesday. During a night course, you 
have to learn and understand the material before 
the break; after the break, you will move on to 
the more difficult material — that night. 








Because math is a sequential learning experi- 
ence, where every building block must be understood 
before proceeding to the next block, you can quickly 
fall behind, and you may never catch up. In fact, 
some students become lost during the first half of a 
math lecture and never understand the rest of the 
lecture (this can happen during just one session of night 
class). This is called “kamikaze” math because most 
students do not survive summer courses. 

If you must take a summer math course, take a 
10- or 12-week daytime session so that you will have 
more time to process the material between classes. 


Course Grading System 


The grading system for math is different in col- 
lege than in high school. 


Example: While in high school, if you make a D or 
borderline D/F, the teacher more than likely will 
give you a D, and you may continue to the next 


course. However, in some college math courses, a 
D is not considered a passing grade, or if a D is 
made, the course will not count toward graduation. 





College instructors are more likely to give the 
grade of N (no grade), W (withdrawal from class), or 
F for barely knowing the material. This is because 
the instructor knows that you will be unable to pass the 
next course if you barely know the current one. 

Most colleges require students to pass two col- 
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lege-level algebra courses to graduate. In most high 
schools, you may graduate by passing one to three 
math courses. In some college-degree programs, you 
may even have to take four math courses and make a 
C in all of them to graduate. 

The grading systems for math courses are very 
precise compared to the grading systems for humani- 
ties courses. 


Example: Ina math course, if you have a 79 per- 
cent average and you need 80 percent to get a B, 
you will get a C in the course. But if you make a 


79 percent in English class, you may be able to 
talk to your instructor and do extra credit work 
to earn a B. 


Because math is an exact science and not as sub- 
jective as English, do not expect your math instruc- 
tor to let you do extra work to earn a better grade. 
In college, there usually is not a grade given for “daily 
work,” as is often offered in high school. In fact, your 
test scores may be the only grades that will count 
toward your final grade. Therefore, you should not 
assume that you will be able to “make up” for a bad 
test score. 


The Ordering of College Math Courses 


College math courses should be taken, in or- 
der, from the fall semester to the spring semester. 
If at all possible, avoid taking math courses from 
the spring to fall semesters. There is less time 
between the fall and spring semester for you to 
forget the information. During the summer break, 
you are more likely to forget important concepts 
required for the next course and therefore experi- 
ence greater difficulty. 


Ao - Section Review — aN 





1. Compare the amount of college class time to high 
school class time. 
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2. How do college summer math courses differ from 
courses offered in the spring or fall? 


3. How can the order of taking math courses affect 
your learning? 














Why your first math test 
is very important 


Making a high grade on the first major math 
test is more important than making a high grade on 
the first major test in other subjects. The first major 
math test is the easiest and, most often, the one the 
student is least prepared for. 

Students often feel that the first major math test 
is mainly a review and that they can make a BorC 
without much study. These’students are overlook- 
ing an excellent opportunity to make an A on the easi- 
est major math test of the semester. (Do not forget that 
this test counts the same as the more difficult remain- 
ing math tests.) 


What You Need to Know to Study Math 


At the end of the semester, these students some-_ 2. 


times do not pass the math course or do not make 

an A because of their first major test grade. In other 

words, the first math test score was not high enough 

to “pull up” a low test score on one of the remaining 

major tests. 

Studying hard for the first major math test and 
obtaining an A offers you several advantages: 


— A high score on the first test can compen- 
sate for a low score on a more difficult fourth 
or fifth math test. All major tests have equal 
value in the final grade calculations. 


— A high score on the first test can provide 
assurance that you have learned the basic 
math skills required to pass the course. This 
means you will not have to spend time re- 
learning the misunderstood material covered 
on the first major test while learning new 
material for the next test. 


— A high score on the first test can motivate 
you to do well. Improved motivation can 
cause you to increase your math study time, 
which will allow you to master the material. 


— A high score on the first test can improve 
your confidence for higher test scores. With 
more confidence, you are more likely to work 
harder on the difficult math homework as- 
signments, which will increase your chances 
of doing well in the course. 

cy 


1. Why is your first math test supposed to be the 
easiest? 
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Give three reasons why your first math test is 
so important. 


Reason 1: 




















Reason 2: 


Reason 3: 


Lecture Notes 
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Name: 
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1. In a math course, you must be able to do three 

things. You must the material, 
the material, and 
what you have learned 








to solve the problem. 


2. Math requires ; 
which means one concept builds on the next con- 
cept. 


3. Placement test scores are designed to measure 
your math knowledge and 
are to be used 





4. Like a foreign language, math has unfamiliar vo- 
cabulary words or terms that must be put in sen- 
tences called 


5. Learning how to speak math as a 
is one key to math success. 


6. Keeping a attitude about 
math will help you study more efficiently. 


7. College math courses are to 
times as difficult as high school math courses. 


8. Math course are even more difficult than other 
courses because a grade of or better 
is usually required to take the next course. 


9. The math grading is exact; in many cases, you 
cannot do to improve 
your grade. 


10. College courses should be taken 
, from the fall semester to the 
spring semester. 


Chapter 1 Review 


] 


on 


Date: 


cy 


What is the most important information you learned 
from this chapter? 














How can you immediately use it? 
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How to 


Discover Your 

Math-Learning 

Strengths and 
Weaknesses 





Math-learning strengths and weaknesses affect students’ 
grades. You need to understand your strengths and 
weaknesses to improve your math-learning skills. 

Just as a mechanic does a diagnostic test on a 
car before repairing it, you need to do your own test- 
ing to learn what you need to improve upon. You do 
not want the mechanic to charge you for something 
that does not need repairing, nor do you want to 
work on learning areas that do not need improve- 
ment. You want to identify learning areas you need 
to improve or better understand. 

In this chapter, you will learn 


— how what you know about math affects your 
grades, 
— how quality of math instruction affects your 


grades, 
— howaffective student characteristics affect your 


math grades, 
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— how to determine your learning style, 
— how to develop a math-learning profile of your 


strengths and weaknesses, and 


— how to improve your math knowledge. 


Areas of math strengths and weaknesses include 
math knowledge, level of test anxiety, study skills, 
study attitudes, motivation, and test-taking skills. 
Before we start identifying your math strengths and 
weaknesses, you need to understand what contrib- 
utes to math academic success. 

Dr. Benjamin Bloom, a famous researcher in 
the field of educational learning, discovered that your 
IQ (intelligence) and your cognitive entry skills ac- 
count for 50 percent of your course grade (see Fig- 
ure 1 on the next page). Quality of instruction rep- 
resents 25 percent of your course grade, while affec- 
tive student characteristics reflect the remaining 25 
percent of your grade. 


— Intelligence may be considered, for our purpose, 
how fast you can learn or relearn math concepts. 


— Cognitive entry skills refer to how much math 
you knew before entering your current math 
course. 


— Quality of instruction is concerned with the 
effectiveness of math instructors when present- 
ing material to students in the classroom and 
math lab. This effectiveness depends on the 
course textbook, curriculum, teaching style, 
extra teaching aids (videos, audiocassettes), and 
other assistance. 


— Affective student characteristics are character- 
istics you possess that affect your course grades 
— excluding how much math you knew before 
entering your math course. Some of these af- 
fective characteristics are anxiety, study skills, 
study attitudes, self-concept, motivation, and 
test-taking skills. 
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How what you know about math 
affects your grades 


Poor math knowledge can cause low grades. A 
student placed in a math course that requires a more 
extensive math background than the student pos- 
sesses will probably fail that course. Without the 
correct math background, you will fall behind and 
never catch up. 


Placement Tests and Previous Course Grades 


The math you need to know to enroll in a par- 
ticular math course can be measured by a placement 
test (ACT, SAT) or by the grade received in the pre- 
requisite math course. Some students are incorrectly 
placed in math courses by placement tests. 

If, by the second class meeting, everything looks 
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like Greek and you do not understand what is bein 
explained, move to a lower-level course. In the lower- 
level math course you will have a better chance t 
understand the material and to pass the course. 
false evaluation of math ability and knowledge can 
only lead to frustration, anxiety, and failure. 


Requests by Students for Higher Placement 


Some students try to encourage their instruc- 
tors to move them to a higher-level math course be- 
cause they believe they have received an inaccurate? 
placement score. Many students try to avoid non- 
credit math courses, while other students do not want 
to repeat a course that they have previously failed.. 
These moves can also lead to failure. 

Some older students imagine that their mathi 
skills are just as good as when they completed their: 
last math course, which was five to ten years ago. If 
they have not been practicing their math skills, they’ 


Figure 1 — Variables Contributing to Student Academic Achievement 


Cognitive Entry Skills 
(how much math you know before 
entering a new math course) 
and 
IQ 


(how fast you can learn old and new math concepts) 


— 50% — 


Quality of Instruction 
(Effectiveness of Math 
Instructors: course 
textbook, teaching style, 
extra teaching aids, etc.) 


— 25% — 


Affective Characteristics 
(Personality: self-concept, 
locus of control, 

attitudes, anxiety; 

Study Habits) 


— 25% — 
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are just fooling themselves. Still other students 
believe they do not need the math skills obtained in 
a prerequisite math course to pass the next course. 
This is also incorrect thinking. Research indicates 
that students who were placed correctly in their pre- 
requisite math course, and who subsequently failed 
_ it, will not pass the next math course. 


What My Research Shows 


I have conducted research on thousands of stu- 
dents who have either convinced their instructors to 
place them in higher-level math courses or have 
placed themselves in higher-level math courses. The 
results? These students failed their math courses 
many times before realizing they did not possess the 
prerequisite math knowledge needed to pass the 
course. Students who, without good reason, talk their 
instructors into moving them up a course level are 
setting themselves up to fail. 

To be successful in a math course, you must have 
the appropriate math knowledge. If you think you 
may have difficulty passing a higher-level math 
course, you probably do not have an adequate math 
background. Even if you do pass the math course 
with a D or C, research indicates that you will most 
likely fail the next higher math course. 

It is better to be conservative and pass a lower- 
level math course with an A or B instead of making 
a C or D in a higher-level math course and failing 
the next course at a higher level. 

This is evident when many students repeat a 
higher-level math course up to five times before re- 
peating the lower-level math course that was barely 
passed. After repeating the lower-level math course 
with an A or B, these students passed their higher- 
level math course. 


How quality of math instruction 
affects your grades 


Quality of instruction accounts for 25 percent 
of your grade. Quality of instruction includes such 
things as classroom atmosphere, instructor’s teach- 
ing style, lab instruction, and textbook content and 
format. All of these “quality” factors can affect your 
ability to learn in the math classroom. 

Interestingly enough, probably the most impor- 
tant “quality” variable is the compatibility of an 
instructor’s teaching style with your learning style. 
You need to discover your learning style and com- 
pare it to the instructional style. Noncompatibility 
can be best solved by finding an instructor who bet- 
ter matches your learning style. However, if you can- 
not find an instructor to match your learning style, 
improving your math study skills and using the math 


lab or learning resource center (LRC) can compen- 


sate for most of the mismatch. 

Use of the math lab or learning resource cen- 
ter (LRC) can dramatically improve the quality of 
instruction. With today’s new technologies, students 
are able to select their best learning aids. These learn- 
ing aids could be videotapes, CD-ROMs, computer 
programs, math study skills computer programs, and 
math texts. 

The quality of tutors is also a major factor in 
the math lab or learning resource center. A low 
student-to-tutor ratio and trained tutors are essen- 
tial for good tutorial instruction. Otherwise, the 
result is just a math study hall with a few helpers. 

The math textbook should be up to date with 
good examples and a solutions manual. This increases 
the amount of learning from the textbook compared 
to older, poorly designed texts. 

The curriculum design affects the sequence of 
math courses, which could cause learning problems. 
Some math courses have gaps between them that 
cause learning problems for all students. 
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How affective student 
characteristics affect your 
math grades 


Affective student characteristics account for 
about 25 percent of your grade. These affective char- 
acteristics include math study skills, test anxiety, moti- 
vation, locus of control, learning style, and other vari- 
ables that affect your personal ability to learn math. 

Most students do not have this 25 percent of 
the grade in their favor. In fact, most students have 
never been taught any study skills, let alone how to 
study math, specifically. Students also do not know 
their best learning style, which means they may study 
ineffectively by using their least effective learning 
style. However, it is not your fault that you were not 
taught math study skills or made aware of your learn- 
ing style. 

By working to improve your affective charac- 
teristics, you will reap the benefits by learning math more 
effectively and receiving higher grades. Thousands of 
students have improved their math affective charac- 
teristics and thereby their grades by using this work- 
book. 
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Variable 3: 


How does your placement test or previous math) 
course grade affect your math learning? 





How does the quality of math instructors affect. 
your grade? 














1. List and explain the three variables that contrib- 
ute to your academic success. 


Variable 1: 


Variable 2: 


How do your affective characteristics affect your 
grade? 
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How to determine 
your learning style 


Research has shown that matching a student’s 
best learning style with the instructional style im- 


proves learning. Research has also shown that stu- 


dents who understand their learning style can im- 
prove their learning effectiveness. A learning disad- 
vantage will occur for students who do not know or 
do not understand their learning style. Students 
should talk to their instructor or counselor about 
taking one or more learning style inventories. 


Taking Stock of Your Learning Style 


There are different types of learning styles as- 
sessments. One type of learning style assessment 
focuses on learning modalities, whereas other as- 
sessments focus on cognitive or environmental learn- 
ing styles. We will focus on learning modalities and 
cognitive learning styles. 


Learning modalities 
(using your senses) 


If it is available to you, take a learning style in- 
ventory that measures learning modalities. Learn- 
ing modalities focus on the best way your brain re- 
ceives information — that is, learning visually (seeing), 
auditorially (hearing), or kinesthetically (touching). 

If possible, take an inventory that offers math- 
learning modalities, such as Learning Styles Inven- 
tory (Brown and Cooper, 1978). Other learning style 
inventories can measure learning modalities, but they 
focus on English- or reading-learning modes. Some- 
times students’ math-learning modes may be differ- 
ent from their language-learning modes. 

If you cannot locate a modality-type inventory, 
then you may want to do a self-assessment on your 
math-learning modality. Do you learn math best by 
seeing it, by hearing it, or by having hands-on learn- 
ing experiences? Hands-on learning means you need 
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to touch or feel things to best learn about them. This 
is not the most accurate way to determine your learn- 
ing modality; however, you may use this informal as- 
sessment until you have an opportunity to take a more 
formal modality learning style inventory. 


Cognitive learning styles 
(processing what you sense) 


The second type of learning style inventory fo- 
cuses on cognitive learning styles. Cognitive learn- 
ing styles are based on how you process math infor- 
mation once it is received though a learning modal- 
ity. In other words, once you have heard, seen, or 
felt the information, how does your brain process 
it? Based on McCarthy (1981), you can process the 
information four different ways: innovatively, ana- 
lytically, through common sense, or dynamically. Re- 
sults of either the Kolb Learning Styles Inventory 
(1985) or the McCarthy Inventory (1981) will de- 
termine your cognitive learning style. 

If you do not have the opportunity to take a 
cognitive learning style inventory, you may want to 
do a self-assessment of your cognitive learning style. 
Which of the following best describes you? 


Innovative learners solve problems or make 
decisions by personally relating to them and using 
their feelings. They learn best by listening and dis- 
cussing their ideas with others while searching for 
the meaning. They are students with the good ideas, 
and they are innovative. They usually major in social 
sciences and the psychological helping professions. 

Analytic learners \ook for facts and ask experts 
for advice when solving problems. They learn by 
thinking about the concepts and solving problems 
by using logic. They have more interest in ideas and 
concepts than in people. They generally major in math 
and the hard sciences; they enjoy doing research. 

Common sense learners solve problems by 
knowing how things work. They learn by testing 
concepts in a practical way and make decisions by 
applying theories. They want to know practical ways 
to use theories and concepts. They major in applied 
sciences, health fields, engineering, and technologies. 
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Dynamic learners solve problems by looking 


at hidden possibilities and processing information 
concretely. They learn best by independent self-in- 
struction and trial-and-error practice. They are flex- 
ible and will take risks. They major in business and 
sales occupations. 


Learning modalities and cognitive learning 


styles are neither good nor bad. Learning modali- 
ties and cognitive styles are concerned with how you 
best take in information and process it. Different 
subject areas are best understood through certain 
learning modalities and cognitive styles. 


Most math instructors are visual/abstract learn- 


ers, and they tend to teach the way they best learn. 
Visual/abstract learners teach through a visual 
mode, and they have students process information 
abstractly. The second most frequent learning mo- 
dality/style of math instructors is visual/common 
sense. 


I. 





. My cognitive learning style is 


Remember: It is important to recognize 
that students who do not have a math-learn- 
ing modality/style can still learn math. A 
mismatch of modality/learning styles be- 
tween student and instructor can be com- 
pensated by good study skills. 


ea 


— Section Review — 


My learning modality is 
because I learn math best by 
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because I process math information by 
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How to develop a 
math-learning profile 
of your strengths and weaknesses 


Students have.learning strengths and weak-- 
nesses that affect math learning and their course: 
grade. They must identify and understand these: 
strengths and weaknesses to know which strengths sup-- 
port them and which weaknesses to improve upon. 


Examples: Having good math study skills is a || 


positive math-learning characteristic, whereas hav- | 


ing high test anxiety is a negative math-learning 
characteristic. 





Understanding Math-Learning Profiles 


By developing a math-learning profile, you will 
be able to identify your learning strengths and weak- 
nesses. 

Figure 2, on the facing page, allows you to rate 
yourself as having excellent, good, or poor math- 
learning skills. It helps you measure your previous 
math study skills, test anxiety, math knowledge, 
learning styles, and math attitude. These measure- 
ments are based on both the results of certain sur- 
veys and your previous math background. Doing all 
or some of these personal assessments will provide you 
with a good learning profile, and they may predict your 
success in math. 

Now complete question 1 of the Math-Learning 
Profile Sheet (Figure 2). -Check excellent or good if 
you were taught math study skills or poor if you were 
not taught math study skills. 


Measuring Your Math Anxiety Level 


The second part of the assessment measures your 
math anxiety level. You need to determine if you have 
high, medium, or low test anxiety. If you never get 
anxious on a math test, then select low anxiety. If you 
sometimes get anxious on a math test, select medium. 
If you always get anxious on a math test, select high. 
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Student 


Figure 2 


Math-Learning Profile Sheet 

















Math Course Math Instructor 
1. My math study skills are 6. Previous study skills course or training: 
Excellent Good Poor Course Study-skills training None 
(5 points) § (3points) —_(1 point) (5 points) (3 points) (1 point) 
2. My math test anxiety level is 7. Previous/current required reading course: 
High Medium Low No required college-level reading course 
(1 point) (3 points) (5 points) (5 points) 
First developmental course 
3. Math knowledge (choose either placement score (3 points) 
or last course grade): Second developmental course 
(1 point) 
(Placement score) 
High Middle Low 8. How much control do you have over your math 
(5 points) (3 points) (1 point) learning? 
OR A lot Some Very little 
(5 points) (3 points) (1 point) 
(Last course and grade) 
A B C,D,F.W.N,1 9. My learning modality is 
5 points) (3 points 1 point 
=? 13 eae Visual Auditory Kinesthetic 
4. Math attitude: (5 points) (3 points) (1 point) 
Good Neutral. Ss NNegaative 10. My cognitive learning style is 
(5 points) (3 points) (1 point) j 
Analytic 
5. Years since last math course: (5 points) 
Commonsense 
1 Year 2-3Years___ 4ormore years___ aes (3 gh 
; oints 1 point nnovative/dynamic___ 
(5 points) (3 points) (1 point) Footat 
TOTAL POINTS: 
ORIN 


45+ points — an excellent math-learning profile 


40-45 points — a good math-learning profile 


40 or below — a poor math-learning profile 
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Complete question 2 of the Math-Learning Pro- 
file Sheet. 


Measuring Previous Math Knowledge 


The third part of the assessment measures your 
previous math knowledge. Your previous math 
knowledge is an excellent predictor of future math 
success. In fact, the best predictor of math success is 
your previous math grade (if taken within one year of 
your current course). 

The measurement of your math knowledge is 
based on your previous math grade or your math 
placement test. If your college does not require a 
placement test, contact the chairperson of the math 
department to help you with your course placement. 
Selecting a math course yourself is like playing Rus- 
sian roulette with five bullets in the chamber. With- 
out help, you will probably commit mathematical sui- 
cide. 

Visit your counselor or instructor to discuss 
your math placement test score. Ask your counselor 
or instructor how your placement score relates to 
the scores for the math course below and above your 
course. 

Find out if your score barely placed you into 
your course, if your score was in the middle, or if 
your score almost put you into the next course. Mark 
one of these three outcomes in question 3. If your 
placement score barely put you into your current 
math course, you will have difficulty learning the 
math required in that course. 

A barely passing placement score means that 
you are missing the math knowledge you require to 
be successful, and you have a poor chance for pass- 
ing the course. A middle placement score indicates 
that you probably have most of the math knowledge 
required for the course; however, you still may have 
difficulty passing the course. A high placement score 
means you have most of the math knowledge needed to 
pass and may have a good chance of passing the course. 
(Still, if you have poor math study skills and high test 
anxiety, you may not pass the course.) 

Students who have low placement test scores need 
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to improve their math knowledge as soon as possible. 
Students with middle placement scores should also con- 
sider improving their math knowledge. 

You need to improve your math skills within the 
first few weeks of the semester. If you wait too long, 
you will become hopelessly lost. Suggestions for im- 
proving your math knowledge are included in a later 
section in this chapter. 

If you are taking your second math course, use 
your previous math course grade to determine your 
math knowledge. Your previous course grade is the 
best predictor of success in your next math course. 
(However, this is only true if your last math course 
was taken within the last year.) 

Record the name and grade of your previous 
math course in question 3. Students who made an 
A or B in their previous math course have a good 
chance of passing their next math course. However, 
students who made a C in their previous math course 
have a poor chance of passing their next math course. 
Students who made below a C or withdrew from the 
previous math course have virtually no chance of 
passing their next math course. 


Determining Your Math Attitude 


Math attitude can play a major part in being 
successful in your course. Some students who have 
a poor attitude toward. math may not attend class as 
often as they should or may procrastinate in doing 
their homework. Other students avoid math until 
they have to take it. Mark the type of math attitude 
you have in question 4 of the Math-Learning Profile 
Sheet. 


The Amount of Time Since Your Last Math Course 


Another indicator of math success can be the 
length of time since your last-math course. The longer 
the time since your last math course, the less likely 
you will be to pass the current course. The excep- 
tion to this rule is if you were practicing math while 
you were not taking math courses. Math is very 
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easily forgotten if not practiced. Indicate in ques- 
tion 5 of the Math-Learning Profile Sheet the num- 
ber of years since your last math course. 


Previous Study Skills Courses or Training 


General study skills training that does not fo- 
cus on math may help some students in time man- 
agement, reading techniques, learning styles, and 
overcoming procrastination. If you had a course in 
study skills or some study skills training, mark that 
area in question 6 of the Math-Learning Profile Sheet. 
If you had no study skills training, indicate that on 
your profile sheet. 


Previous/Current Required Reading Courses 


College reading skills are also needed for suc- 
cess in math courses. This is especially true when 
you are trying to solve story or word problems. 

At community colleges and some universities, 
there are three levels of reading courses. Usually, 
the first two levels are noncredit reading courses, 
and the third level is for college credit. 

If you are enrolled in the lowest reading level, 
you will have difficulty reading and understanding 
the math text. Students who are enrolled in the sec- 
ond level may also have difficulty reading the text. 
Students who are not required to take a reading class 
or who are reading at grade level may still have some 
difficulty reading the math text. 


Remember: Math texts are not written like 
English or history texts. Even students with 
college-level reading skills may experience 
difficulty understanding their math text. 


If you do not know your reading level, ask to 
take a reading test. If in doubt about your reading 
level, take a reading class. Indicate the type of read- 
ing skills you have in question 7 of the Math-Learn- 
ing Profile Sheet. 
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Your Locus of Control 


“Locus of control” is a concept that describes 
how much control you feel you have over both your 
life and your course grades. Some students feel they 
have a lot of control over their life and learning, 
while other students feel they have very little con- 
trol over their life or grades. Indicate in question 8 
of the Math-Learning Profile Sheet how much con- 
trol you feel you have over your math learning and 
grades. 


Your Best Learning Modality 


Learning modalities are best described by your 
preference in how you receive lecture information. 
As discussed, some of these modalities match your 
math instructor and some do not. Most math in- 
structors teach through a visual mode, with the dis- 
tant second modality being auditory. Mark your best 
learning modality in question 9 of the Math-Learn- 
ing Profile Sheet. 


Your Cognitive Learning Style 


Cognitive learning styles are best described as 
how information is processed once it is received by 
your brain. Most math instructors process informa- 
tion analytically, and they therefore teach math the 
same way. Using common sense is the second most 
popular way math instructors cognitively process 
information. 

If you do not process information analytically 
or through common sense, then you may be at a learn- 
ing disadvantage. However, improved math study skills 
can compensate for a mismatch in learning modes/ 
styles. Mark your cognitive learning style in question 
10 of the Math-Learning Profile Sheet. 


Evaluating Your Findings 


Your profile sheet is an informal way to mea- 
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sure your math strengths, weaknesses, and learning 
modalities/styles. Any area with 5 points is a 
strength, and an area with 1 point is a weakness. 
Review your Math-Learning Profile Sheet and locate 
your strengths, weaknesses, or mismatches. 

Learning modalities/styles are counted the 
same way but are considered matches and mis- 
matches instead of strengths and weaknesses. To- 
tal up your score to determine if you have an overall 
strong or weak math-learning profile. 

Some of the weak areas can be compensated 
for, while other areas, such as learning styles, can be 
made more effective. Strategies for improving math 
knowledge and finding the best instructor will be 
discussed in the last part of this chapter. Other pro- 
file weaknesses will be improved by using the sug- 
gestions in this workbook. 

aS 


1. Complete the Math-Learning Profile Sheet if it 
has not been completed. 
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2. See your instructor about improving your weak- 
nesses. 


How to improve your 
math knowledge 


Instructors always operate on the premise that you 
finished your previous math course just last week: they 
do not wait for you to catch up on current material. It 
does not matter if your previous math course was a 
month ago or five years ago. Instructors expect you to 
know the previous course material — period. 
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Review Your Previous Math 
Course Material and Tests 


There are several ways to improve your mathi 
knowledge. Review your previous math course ma-- 
terial before attending your present math course.., 
Look closely at your final exam to determine your’ 
weak areas. Work on your weak areas as soon asi 
possible so they can become building blocks (instead | 
of stumbling blocks) for your current course. 

If it has been some time since your last math| 
course, visit the math lab or learning resource center ' 
to locate review material. Ask the instructor if there: 
are any computer programs that will assess your math 
skills to determine your strengths and weaknesses for | 
your course. Review math videotapes on the math 
course below your level. Also review any computer 
software designed for the previous math course. 

Another way to enhance learning is to review 
the previous math course text by taking all of the 
chapter review tests. If you score above 80 percent 
on one chapter review test, move on to the next chap- 
ter. A score below 80 percent means you need to 
work on that chapter before moving on to the next 
chapter. Get a tutor to help you with those chapters 
if you have trouble. Make sure you review all the 
chapters required in the previous course as soon as 
possible. If you wait more than two weeks to con- 
clude this exercise, it may be too late to catch up 
(while learning new material at the same time). 


Employ a Tutor 


One last way to improve your cognitive entry 
skills is to employ a private tutor. If you have a his- 
tory of not doing well in math courses, you may need 
to start tutorial sessions the same week class begins. 
This will give the tutor a better chance of helping 
you regain those old math skills. 

You still need to work hard to relearn old math 
skills while continuing to learn the new material. If 
you wait four to five weeks to employ a tutor, it will 
probably be too late to catch up and do well or even 
pass the course. 


How to Discover Your Math-Learning Strengths and Weaknesses 27 


Remember: Tutorial sessions work best Finding Your Best Instructor 
when the sessions begin during the first 
two weeks of a math course. Finding an instructor who best matches your 


learning style can be a difficult task. Your learning 


style is important; your learning style is how you 
Schedule Math Courses “Back to Back” best acquire information. 


Another way to maintain appropriate math | =Xample: Auditory learners do better when hear- 
knowledge is to take your math courses “hack to ing the information over and over again instead 
back.” It is better to take math courses every se- | Of carefully reading the information. If an audi- 
mester — even if you do not like math — so that you tory learner is taught by a visual-style instructor 
can maintain sequential (linear) learning. who prefers that students read materials on their 

I have known students who have made B’s or | OW" and who prefers working problems instead of 
C’s in a math class and who then waited six months | describing them, the mismatch could cause the 
to a year to take the next math course. Inevitably, student to do worse than if the student were taught 
many failed. These students did not complete any | bY 7 auditory instructor. 
preparatory math work before the math course and Most students are placed in their first math 
were lost after the second chapter. This is similar to course by an academic advisor. Usually, academic 
having one semester of Spanish, not speaking it fora advisors know who are the most popular and least 
year, then visiting Spain and not understanding what is popular math instructors. However, advisors can be 
being said. reluctant to discuss teacher popularity. And unfor- 

The only exception to taking math courses “back tunately, students may want the counselor to devise 
to back” is taking a six-week “kamikaze” math course a course schedule based on the student’s time limits 
(an ultracondensed version of a regular course), instead of teacher selection. 
which should be avoided. To learn who are the best math instructors, ask 

If you are one of the unfortunate many who are cur- the academic advisor which math instructor’s classes 
rently failing a math course, you need to ask yourself, “Am fill up first. This does not place the academic advi- 
I currently learning any math or just becoming more con- sor in the position of making a value judgment; nei- 
fused?” If you are learning some math, stay in the course. ther does it guarantee the best instructor. But it will 
If you are getting more confused, withdraw from the course. increase the odds in your favor. 

Improve your math knowledge prior to enrolling in a math Another way to acquire a good math instructor 
' course during the next semester. is to ask your friends about their current and previ- 
ous math instructors. However, if another student 
says that an instructor is excellent, make sure your 
learning style matches your friend’s learning style. 
Ask you friend, “Exactly what makes the instructor 
so good?” Then compare the answer with how you 





Example: You have withdrawn from a math course 
after midterm due to low grades. Instead of waiting 
until next semester, attend a math lab or seek a tu- 
tor and learn Chapters 1, 2, and 3 to perfection. Also 


. this time to improve your math study skills. sas learn best. If you have a different learning style 
will enter the same math course next semester with 


; than your friend, look for another instructor, or ask 
excellent math knowledge and study skills. In fact, another tent whose learning style tiore closely 
you can make an A on the first test and complete cantaties dur cun: 

the course with a high grade. Does this sound far- To obtain the most from an instructor, discover 
fetched? It may, but ] know hundreds of students vourrbest learning style and WatCHIE to the 
who have used this learning procedure and peasen instructor’s teaching style. Most learning centers 
their math course instead of failing it again and again. or student personnel offices will have counselors who 
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can measure and explain your learning style. Inter- 
view or observe the instructor while the instructor 
is teaching. This process is time consuming, but it 
is well worth the effort! 

Once you have found your best instructor, do 2. What is the advantage of taking math courses 
not change. Remain with the same instructor for back to back? 
every math class whenever possible. 








Remember: The first step in becoming a 
better math student is knowing your learn- 
ing strengths and weaknesses. Now you can 
focus on what you need to improve. 





3. Give two examples of how to find your best mathi 























instructor. 
4d e e VS 
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Example 1: 
1. Give four examples of how you can review math 
course materials. 
Example 1: 
Example 2: 
Example 2: 





Name: 
ih 


refers to how much math you knew before enter- 
ing your current math course. 
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are the learning skills you possess that affect 
your grades. 


3. Students who talk their instructors into moving 
up a course level usually that course. 


4.The of tutors is a major part 
of the math lab or learning resource center. 


5. Affective student characteristics account for 
about percent of your grade. 


6. learners look for facts and ask ex- 
perts for their advice. 


7. Hands-on learners are called 
learners. 


8. Developing your math-learning profile will help 
you identify your and 
to help you improve your learning. 


9. Students having previous difficulty in mathemat- 
ics should start tutorial sessions the 
week class begins. 


10. Once you find your best math instructor 
change instructors for your next math 





course. 
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Date: 


rN 


What is the most important information you learned 


from this chapter? 


How can you immediately use it? 
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Chapter 3 


How to 
Reduce 


Math Test 
| Anxiety 


. Math test anxiety is a common problem for many 
, college students, especially for students who are in 
| developmental courses. Unfortunately, it is also com- 
. mon for students to experience test anxiety only in 
_ math and not in their other courses. 
Mild test anxiety can be a motivational factor, 
' but high test anxiety can cause major problems both 
in learning and in taking tests. For many students, 
reducing test anxiety is the key to becoming suc- 
cessful in math. Such students need to learn the 
causes of test anxiety and how to reduce the test 
anxiety that affects their learning and grades. 
Several techniques have proved helpful in re- 
ducing both math anxiety and math test anxiety. 
However, reducing math test anxiety does not guar- 
antee good math grades. It must be coupled with 
effective study skills and a desire to do well in math. 
In this chapter, you will learn 
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— how to recognize test anxiety, 

— the causes of test anxiety, 

— the different types of test anxiety, and 
— how to reduce test anxiety. 


How to recognize 
test anxiety 


Test anxiety has existed for as long as tests have 
been used to evaluate student performance. Because 
it is so common and because it has survived the test 
of time, test anxiety has been carefully studied over 
the last 50 years. Pioneering studies indicate that 
test anxiety generally leads to low test scores. 

At the University of South Florida (Tampa), Dr. 
Charles Spielberger investigated the relationship 
between test anxiety and intellectual ability. The 


study results suggested that anxiety coupled with high 


ability can improve academic performance; but anxi- 
ety coupled with low or average ability can interfere 
with academic performance. That is: 


Anxiety + high ability = improvement 
Anxiety + low or average ability = no improvement 


Example: Students with average ability and low 
test anxiety had better performance and higher 
grades than did students with average ability and 


high test anxiety. However, there are students who 
make good grades, take calculus, and still have test 
anxiety. 





Test anxiety is a learned response; a person is 
not born with it. An environmental situation brings 
about test anxiety. The good news is that because it 
is a learned response, it can be unlearned. Test anxi- 
ety is a special kind of general stress. General stress 
is considered “strained exertion,” which can lead to 
physical and psychological problems. 
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Defining Test Anxiety 


There are several definitions of test anxiety. One 
definition states, “Test anxiety is a conditioned emo- 
tional habit to either a single terrifying experience, 
recurring experience of high anxiety, or a continu- 
ous condition of anxiety” (Wolpe, 1958). 

Another definition of test anxiety relates to the 
educational system. The educational system devel- 
ops evaluations that measure one’s mental perfor- 
mance, and this creates test anxiety. This definition 
suggests that test anxiety is the anticipation of some 
realistic or nonrealistic situational threat (Cattell, 
1966). The “test” can be a research paper, an oral 
report, work at the chalkboard, a multiple-choice 
exam, a written essay, or a math test. 

Math test anxiety is a relatively new concept in 
education. Ms. magazine published “Math Anxiety: 
Why Is a Smart Girl Like You Counting on Your Fin- 
gers?” (Tobias, 1976) and coined the phrase math 
anxiety. During the 1970s, other educators began 
referring to mathophobia and mathemaphobia asa 
possible cause for children’s unwillingness to learn 
math. Additional studies on the graduate level dis- 
covered that math anxiety was common among 
adults as well as children. Previously, educators had 
regarded math anxiety as a skill deficiency rather 
than a state of mind. 

There are several other definitions of math 
anxiety: 


Math anxiety is the extreme reaction to a 
very negative attitude toward math. (There 
is a strong relationship between low math 
confidence and high math test anxiety; this 
could be the same concept.) (Fox, 1977) 


Math anxiety is the feeling of tension and 
anxiety that interferes with the manipulation 
of numbers and the solving of math problems 
during school tests. (Richardson and Suinn, 
1972) 


Math anxiety is a state of panic, helplessness, 
paralysis and mental disorganization that oc- 
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curs in some students when required to solve 
math problems. This discomfort varies in in- 
tensity and is the outcome of numerous pre- 
vious situations. (Tobias, 1986) 





One of my students once described math test! 
anxiety as “being in a burning house with no way) 
out.” No matter how you define it, math test anxiety? 
is real, and it affects millions of students. 


Why Math Tests Create Anxiety 


Math anxiety can be divided into two separate: 
anxieties: math test anxiety and numerical anxiety.. 
Math test anxiety involves anticipation, completion, , 
and feedback of math tests. Numerical anxiety re-- 
fers to everyday situations requiring working with) 
numbers. 

It has been shown that math anxiety exists; 
among many students who usually do not suffer from | 
other tensions. Counselors at a major university re-- 
ported that one-third of the students who enrolled | 
in behavior therapy programs offered through coun-: 
seling centers had problems with math anxiety’ 
(Suinn, 1988). 

Educators know that math anxiety is common) 
among college students and is more prevalent in, 
women than in men. They also know that math anxi- : 
ety frequently occurs in students with a poor high, 
school math background. These students were found | 
to have the greatest amount of anxiety. 

Approximately half of the students in college prep | 
math courses (designed for students with inadequate | 
high school math background or low placement scores) | 
could be considered to have math anxiety. However, 
math anxiety also occurs in students in high-level math 
courses, such as college algebra and calculus. 

Educators investigating the relationship between 
anxiety and math have indicated that anxiety contrib- : 
utes to poor grades in math: They also found that sim- - 
ply reducing math test anxiety does not guarantee | 
higher math grades. Students often have other prob- | 
lems that affect their math grades, such as poor study | 
skills, poor test-taking skills, or poor class attendance. 
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1. What is your personal definition of test anxiety? 
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2. What type of student does math anxiety affect 
most? 











The causes of 
test anxiety 


The causes of test anxiety can be different for 
each student, but they can be explained by seven basic 
concepts (described on the next page). 

The most common situation students have re- 
ported as a known cause of their math test anxiety is 
their elementary school math experiences. When 
asked, many students indicated that they were made 


- fun of when trying to solve math problems at the 


chalkboard. When they could not solve the prob- 
lem, the teacher and/or students would call them 
“stupid.” 

Teacher and peer embarrassment and humilia- 
tion become the conditioning experience that causes 
some students’ test anxiety. Over the years, this test 
anxiety is reinforced and still exists. In fact, many 
math-anxious students — now 30 and 40 years old — 
still have extreme fear about working math problems 


on the board. Some students said that they abso- 
lutely refuse to go to the board. 


Math Autobiography 


The math autobiography is a way to find out 
where some of your fears about math began. In the 
math autobiography, you write down some of your posi- 
tive and negative math experiences. A better under- 
standing of your math history can lead to more control 
over math. Use the answers to the following questions 
to help you write your own math autobiography. 


My first positive math experience was when 


My first negative math experience was when 


One of my best math teachers helped me in math by 


One math teacher didn’t help me learn math because 
he/she 





I did well in math until 














1 am still doing well in math because 
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When I hear the word math I first think of 


Because 


Math is only for people who 


Doing math successfully means I can 


For me, math is like 





After answering these questions, you now have a bet- 
ter understanding of how math affects you. Write a 
three- to five-page math autobiography about your 
math history from elementary school to your cur- 
rent math course. Write down how you felt about 
math and how you feel about math now. Your con- 
clusion should include what you want to do NOW 
about your math success. Turn the autobiography in 
to your instructor. 


Remember: For some students, just writing 
about their previous math history helps 
them. 


A — Section Review — Oy 


1. List and describe five causes of test anxiety. 





Cause 1: 
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The Causes of Test Anxiety 


Test anxiety can be a learned behavior re- 
sulting from the expectations of parents, 
teachers, or other significant people in the 
student's life. 


Test anxiety can be caused by the associa- 
tion between grades and a student's per- 
sonal worth. 


Test anxiety develops from fear of alienat- 
ing parents, family, or friends due to poor 
grades. 


Test anxiety can stem from a feeling of lack 
of control and an inability to change one’s 
life situation. 


Test anxiety can be caused by a student's 
being embarrassed by the teacher or other 
students when trying to do math problems. 


Test anxiety can be caused by timed tests 
and the fear of not finishing the test, even if 
one can do all the problems. 


Test anxiety can be caused by being put in 
math courses above one’s level of compe- 
tence. aa 


What are the cause(s) 
of your test anxiety? 
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Cause 2: 


Cause 3: 


Cause 4: 











Cause 5: 











Put into your own words your cause(s) of test 
anxiety. If you don’t have test anxiety, list what 
you think is the major cause of test anxiety. 
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The different types of 
test anxiety 


The two basic types of test anxiety are emo- 
tional (educators call this somatic) and worry (educa- 
tors call this cognitive). Students with high test anxi- 
ety have both emotional and worry anxiety. 

Signs of emotional anxiety are upset stomach, 
nausea, sweaty palms, pain in the neck, stiff shoul- 
ders, high blood pressure, rapid shallow breathing, 
rapid heartbeat, or general feelings of nervousness. 
As anxiety increases, these feelings intensify. Some 
students even run to the bathroom to throw up or 
have diarrhea. 

Even though these feelings are caused by anxi- 
ety, the physical response is real. These feelings and 
physical inconveniences can affect your concentra- 
tion and your testing speed, and they can cause you 
to completely “draw a blank.” 

Worry anxiety causes the student to think about 
failing the test. These negative thoughts can happen 
either before or during the test. This negative “self- 
talk” causes students to focus on their anxiety in- 
stead of recalling math concepts. 

The effects of test anxiety range from a “mental 
block” on a test to avoiding homework. One of the 
most common side effects of test anxiety is getting 
the test and immediately forgetting information that 
you know. Some students describe this event as hav- 
ing a “mental block,” “going blank,” or finding that 
the test looks like Greek. 

After five or ten minutes into the test, some of 
these students can refocus on the test and start work- 
ing the problems. They have, however, lost valuable 
time. For other students, anxiety persists through- 
out the test and they cannot recall the needed math 
information. It is only after they walk out the door that 
they can remember how to work the problems. 

Sometimes math anxiety does not cause students 
to “go blank” but slows down their mental processing 
speed. This means it takes longer to recall formulas 
and concepts and to work problems. The result is frus- 
tration and loss of time, leading to more anxiety. Since, 
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The 12 Myths About Test Anxiety 


Students are born with test anxiety. 
Test anxiety is a mental illness. 
Test anxiety cannot be reduced. 
Any level of test anxiety is bad. 


All students who are not prepared have 
test anxiety. 


Students with test anxiety cannot learn 
math. 


Students who are well prepared will not 
have test anxiety. 


Very intelligent students and students 
taking high-level courses, such as calcu- 
lus, do not have test anxiety. 


Attending class and doing homework 
should reduce all test anxiety. 


Being told to relax during a test will make 
a student relaxed. 


Doing nothing about test anxiety will make 
it go away. 


Reducing test anxiety will guarantee better 
grades. 
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in most cases, math tests are speed tests (those in) 
which you have a certain amount of time to com- 
plete the test), you may not have enough time to work 
all the problems or to check the answers if you have 
mentally slowed down. The result is a lower test! 
score, because even though you know the material,, 
you do not complete all of the questions before test 
time runs out. : 

Not using all of the time allotted for the test is; 
another problem caused by test anxiety. Students: 
know that they should use all of the test time to check 
their answers. In fact, math is one of the few sub- 
jects in which you can check test problems to find! 
out if your work is correct. However, most students; 
do not use all of the test time, and this results in) 
lower test scores. Why does this happen? 

Students with high test anxiety do not want to) 
stay in the classroom. This is especially true of stu-- 
dents whose test anxiety increases as the test 
progresses. The test anxiety gets so bad that they? 
would rather leave early and receive a lower grade: 
than stay in that “burning house.” 

Students have another reason for leaving the: 
test early: the fear of what the instructor and other’ 
students will think about them for being the last one: 
to hand in the test. These students refuse to be the: 
last ones to finish the test because they think that! 
the instructor or other students will think they are: 
dumb. This is middle-school thinking, but the feel-- 
ings are still real — no matter what the age of the: 
student. These students do not realize that some: 
students who turn in their tests first fail, whereas; 
many students who turn in their tests last make A’s; 
and B’s. 

Another effect of test anxiety relates to com-: 
pleting homework assignments. Students who have: 
high test anxiety may have difficulty starting or com- : 
pleting their math homework. Doing homework re-: 
minds some students of their learning problems in| 
math. More specifically, it reminds them of their: 
previous math failures, which causes further anxiety. . 
This anxiety can lead to total homework avoidance : 
or “approach-avoidance” behavior. 

Total homework avoidance is called procrasti- 
nation. The very thought of doing their homework | 


ie. a! 


a ee ee 
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causes these students anxiety, which causes them to 


_ put off tackling their homework. This makes them feel 


better for a short amount of time — until test day. 





| Example: Some students begin their homework 
and work some problems successfully. They then 
get stuck on an problem that causes them anxi- 
ety, so they take a break. During their break the 
anxiety disappears until they start doing their 
homework again. Doing their homework causes 
more anxiety, which leads to another break. The 
breaks become more frequent. Finally, the stu- 
dent ends up taking one long break and not doing 
the homework. Quitting, to them, means no more 
anxiety until the next homework assignment. 













The effects of math test anxiety can be different 
for each student. Students can have several of the 
mentioned characteristics that can interfere with 
math learning and test taking. However, there are 
certain myths about math that each student needs 


to know. Review The 12 Myths About Test Anxiety © 


on the facing page to see which ones you believe. If 
you have test anxiety, which of the mentioned char- 
acteristics are true for you? 





° e >», 
— Section Review — ia 





1. List and describe the two basic types of test 
anxiety. 


Type 1: 


Type 2: 











2. List two reasons students leave the test room 
early instead of checking their answers. 


Reason One: 








Reason Two: 


3. List 6 of the 12 myths about test anxiety that 
you most believed. 


Myth 1: 


Myth 2: 


Myth 3: 


Myth 4: 


Myth 5: 


Myth 6: 
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How to reduce 
test anxiety 


To reduce math test anxiety, you need to under- 
stand both the relaxation response and how negative 
self-talk undermines your abilities. 


Relaxation Techniques 


The relaxation response is any technique or pro- 
cedure that helps you to become relaxed. It will take 
the place of an anxiety response. Someone simply 
telling you to relax or even telling yourself to relax, 
however, does little to reduce your test anxiety. There 
are both short-term and long-term relaxation response 
techniques that help control emotional (somatic) 
math test anxiety. These techniques will also help 
reduce worry (cognitive) anxiety. Effective short- 
term techniques include the tensing and differential 
relaxation method, the palming method, and deep 
breathing. 


Short-Term Relaxation Techniques 
The Tensing and Differential Relaxation Method 
The tensing and differential relaxation method 
helps you relax by tensing and relaxing your muscles 
all at once. Follow these procedures while you are 
sitting at your desk before taking a test: 
1. Put your feet flat on the floor. 


2. With your hands, grab underneath the chair. 


3. Push down with your feet and pull up on your 
chair at the same time for about five seconds. 


4. Relax for five to ten seconds. 


9. Repeat the procedure two or three times. 
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6. Relax all your muscles except the ones that are 
actually used to take the test. 


The Palming Method 


The palming method is a visualization proce? 
dure used to reduce test anxiety. While you are at 
your desk before or during a test, follow these pr 
cedures: 


1. Close and cover your eyes using the center of th 
palms ofyour hands. 


2. Prevent your hands from touching your eyes b 
resting the lower parts of your palms on you 
cheekbones and placing your fingers on your fore-: 
head. Your eyeballs must not be touched, rubbed,, 
or handled in any way. 


3. Think of some real or imaginary relaxing scene.. 
Mentally visualize this scene. Picture the scene: 
as if you were actually there, looking through your’ 
own eyes. 


4. Visualize this relaxing scene for one to two minutes. 


Practice visualizing this scene several days be-: 
fore taking a test and the effectiveness of this relax- 
ation procedure will improve. 


Deep Breathing 


Deep breathing is another short-term relaxation 
technique that can help you relax. Proper breathing 
is a way to reduce stress and decrease test anxiety. 
When breathing properly, enough oxygen gets into 
your bloodstream to nourish your body and mind. A 
lack of oxygen in your blood contributes to an anxi- 
ety state that makes it more difficult to react to stress. 
Proper deep breathing can help you control your test 
anxiety. , > 

Deep breathing can replace the rapid, shallow 
breathing that sometimes accompanies test anxiety, 
or it can prevent test anxiety. Here are the steps to 
deep breathing: 
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1. Sit straight up in your chair in a good posture 
position. 


2. Slowly inhale through your nose. 


3. As you inhale, first fill the lower section of your 
lungs and work your way up to the upper part 
of your lungs. 


4. Hold your breath for a few seconds. 
5. Exhale slowly through your mouth. 
6. Wait a few seconds and repeat the cycle. 


You need to practice deep breathing exercises 
before using them during a test. 

Side one of the audiocassette How to Reduce 
Test Anxiety (Nolting, 1986) further explains test 
anxiety and discusses these and other short-term re- 
laxation response techniques. Short-term relaxation 
techniques can be learned quickly but are not as suc- 
cessful as the long-term relaxation technique. Short- 
term techniques are intended to be used while learn- 
ing the long-term technique. 


Long-Term Relaxation Techniques 


The cue-controlled relaxation response tech- 
nique is the best long-term relaxation technique. It 
is presented on side two of the audiocassette How 
To Reduce Test Anxiety (Nolting, 1986). Cue-con- 
trolled relaxation means you can induce your own 
relaxation based on repeating certain cue words to 
yourself. In essence, you are taught to relax and then 
silently repeat cue words, such as “I am relaxed.” 

After enough practice, you can relax during 
math tests. The cue-controlled relaxation technique 
has worked with thousands of students. For a better 
understanding of test anxiety and how to reduce it, lis- 
ten to How to Reduce Test Anxiety (Nolting, 1986). 
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Negative Self-Talk 


Negative self-talk is a form of worry (cognitive) 
anxiety. This type of worrying can interfere with 
your test preparation and can keep you from con- 
centrating on the test. Worrying can motivate you 
to study, but too much worrying may prevent you 
from studying at all. 

Negative self-talk is defined as the negative state- 
ments you tell yourself before and during tests. Nega- 
tive self-talk causes students to lose confidence and 
to give up on tests. Further, it can give you an inap- 
propriate excuse for failing math and cause you to 
give up on learning math. 

Students need to change their negative self-talk 
to positive self-talk without making unrealistic state- 
ments. 

Positive self-statements can improve your study- 
ing and test preparation. During tests, positive self- 
talk can build confidence and decrease your test 
anxiety. These positive statements (see examples 
on the next page) can help reduce your test anxi- 
ety and improve your grades. Some more ex- 
amples of positive self-statements are on the cas- 
sette How to Reduce Test Anxiety (Nolting, 1986). 
Before the test, make up some positive statements 
to tell yourself. 


Thought-Stopping Techniques 


Some students have difficulty stopping their 
negative self-talk. These students cannot just tell 
themselves to eliminate those thoughts. These stu- 
dents need to use a thought-stopping technique to 
overcome their worry and become relaxed. 

Thought stopping involves focusing on the un- 
wanted thoughts and, after a few seconds, suddenly 
stopping those thoughts by emptying your mind. Us- 
ing the command “Stop!” or a loud noise like clap- 
ping your hands can effectively interrupt the negative 
self-talk. In a homework situation, you may be able to 
use a loud noise to stop your thoughts, but don’t use it 
during a test. 

To stop your thoughts in the classroom or dur- 
ing a test, silently shout to yourself “Stop!” or “Stop 
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thinking about that.” After your silent shout, either 
relax yourself or repeat one of your positive self-talk 
statements. You may have to shout to yourself sev- 
eral times during a test or while doing homework to 
control negative self-talk. After every shout, use a 
different relaxation technique/scene or positive self- 
talk statement. 


Examples of Negative Self-Talk: 


“No matter what I do, I will not pass this course.” 

“I failed this course last semester, and I will fail it 
again.” 

“I am no good at math, so why should I try?” 

“I cannot do it; I cannot do the problems, and I am 
going to fail this test.” 

“I have forgotten how to do the problems, and I 
am going to fail.” 

“I am going to fail this test and never graduate.” 

“If I can’t pass this test, 1 am too dumb to learn 
math and will flunk out.” 


Examples of Positive Self-Talk: 


“I failed the course last semester, but I can now 
use my math study skills to pass this course.” 

“I went blank on the last test, but I now know how 
to reduce my test anxiety.” 

“I know that my poor math skills are due to poor 
study skills, not my own ability, and since I 
am working on my study skills, my math skills 
will improve.” 

“I know that with hard work, I will pass math.” 

“I prepared for this test and will do the best I can. 
I will reduce my test anxiety and use the best 
test-taking procedures. I expect some prob- 
lems will be difficult, but I will not get dis- 
couraged.” 

“I am solving problems and feel good about my- 
self. 1 am not going to worry about that diffi- 
cult problem; I am going to work the prob- 
lems that I can do. I am going to use all the 
test time and check for careless errors. Even 
if I do not get the grade I want on this test, it 
is not the end of the world.” 
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Thought stopping works because it interrupts; 
the worry response before it can cause high nega-- 
tive emotions. During that interruption, you can re-- 
place the negative self-talk with positive statements; 
or relaxation. However, students with high worry? 
anxiety should practice this technique three days to) 
one week before taking a test. Contact your counse-- 
lor if you have additional questions about the thought-- 
stopping techniques. 
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™ ° ° 5. iti f 
7 1 — Section Bev oN Make up three positive self-talk statements that 
~~. are not listed in this text. 





1. Describe your best short-term relaxation technique. Statement 1: 














Se esesesssssSSSSSSSSCSC‘CSStnttemeentt 22: 


Statement 3: 


2. You can use the palming method by closing your 
eyes and visualizing a scene without putting your 
hands to your face. Describe a very relaxing scene 
that you could visualize. Make sure to include some Describe the thought-stopping technique in your 
sounds and visual images in your scene. own words. 


> 


“ 


What words will you use as your silent shout? 


3. Practice your relaxation scene for three to five 
minutes for the next five days. List the times and 
dates you practiced your scene. 


Date: Time: 
ee ee 8S ie 
Date: eg oe 
ieee ET Time: 
oie CCti“‘COCOCOOUCUCOCT ime: 


What will you do after your silent shout? 


ge 











4. How does negative self-talk cause you to have text 
anxiety? 9. How does the thought-stopping technique work? 





ee SEU EEE IEEIEEEEIE NEESER 
nn un EEEEEEEEEEE aaa 
UU EE EEUU NNER 
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Lecture Notes 
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Name: 
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1. Reducing math test anxiety 
guarantee good math grades. 


2. Test anxiety is a 
son is not 





response; a per- 
with it. 


3. Math test anxiety involves t 
and 





of math tests. 


4. One cause of test anxiety is that a student goes 
to the board to work a problem but is called 
when he or she cannot work the 

problem. 


5.The two basic types of test anxiety are 
and 


6.The effects of test anxiety range from a 

5 "ona test to 

homework. 
7. The and 

method helps you relax 
by tensing and relaxing your muscles all at once.. 


8. The palming method is a 

procedure used to reduce text anxiety. 
9. Negative self-talk is a form of anxiety. 
10. Thought stopping works because it interrupts the 


response before it can cause 
emotions. 


Chapter 3 Review 


Date: - 





cy 


What is the most important information you learned 
from this chapter? 




















How can you immediately use it? 
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Chapter 4 


How to 
Improve 


Your Listening 
and 
Note-Taking 
Skills 





Listening and note-taking skills in a math class are 
very important, since most students either do not 
read the math text or have difficulty understanding 
it. In most of your other classes, if you do not un- 
derstand the lecture, you can read the text and get 
almost all the information. In math class, however, 
the instructor can usually explain the textbook bet- 
ter than the students can read and understand it. 

Students who do not have good listening skills 
or note-taking skills will be at a disadvantage in learn- 
ing math. Most math understanding takes place in 
the classroom. Students must learn how to take ad- 
vantage of learning math in the classroom by becom- 
ing effective listeners, calculator users, and 
notetakers. 

In this chapter you will learn 


— howto become an effective listener, 
— howto become a good notetaker, 
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— when to take notes, 
— the seven steps to math note-taking, and 
— howto rework your notes. 


How to become 
an effective listener 


Becoming an effective listener is the foundation 
for good note-taking. You can become an effective 
listener using a set of skills that you can learn and 
practice. To become an effective listener, you must 
prepare yourself both physically and mentally. 


Sitting in the Golden Triangle 


The physical preparation for becoming an ef- 


- fective listener involves where you sit in the class- 


room. Sit in the best area to obtain high grades, 
that is, in “the golden triangle of success.” The golden 
triangle of success begins with seats in the front row 
facing the instructor’s desk (see Figure 3 on the next 
page). 

Students seated in this area (especially in the 
front row) directly face the teacher and are most 
likely to pay attention to the lecture. This is a great 
seating location for visual learners. There is also 
less tendency for them to be distracted by activities 
outside the classroom or by students making noise 
within the classroom. 

The middle seat in the back row is another point 
in the golden triangle for students to sit, especially 
those who are auditory (hearing) learners. You can 
hear the instructor better because the instructor’s 
voice is projected to that point. This means that there 
is less chance of misunderstanding the instructor, and 
you can hear well enough to ask appropriate ques- 
tions. 

By sitting in the golden triangle of success, you 
can force yourself to pay more attention during class 
and be less distracted by other students. This is 
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very important for math students because math in- 
structors usually go over a point once and continue 
on to the next point. If you miss that point in the 
lesson, then you could be lost for the remainder of 
the class. 


Warming Up for Math Class 


The mental preparation for note-taking involves 
“warming up” before class begins and becoming an 
active listener. Just as an athlete must warm up 
before a game begins, you must warm up before tak- 
ing notes. Warm up by 


— reviewing the previous day’s notes, 
— reviewing the reading material, 
— reviewing the homework, 
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— preparing questions, and 
— working one or two unassigned homework prob- 
lems. 


This mental warm up before the lecture allows 
you to refresh your memory and prepare pertinent 
questions, making it easier to learn the new lecture 
material. | 


How to Become an Active Listener 


Becoming an active listener is the second part 
of the mental preparation for note-taking. 

Do not anticipate what the instructor is going 
to say or immediately judge the instructor’s infor- 
mation before the point is made. This will distract 
you from learning the information. 


Figure 3 


The Golden Triangle of Success 


Instructor 






Visual learners 


Auditory Learners 






Back of the Classroom 
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2. List five ways you can warm up before math class 
begins. 






Examples: Watch the speaker, listen for main 
ideas, and nod your head or say to yourself, “I 
understand,” when agreeing with the instructor. 









Expend energy looking for interesting topics in 
the lecture. When the instructor discusses informa- 
tion that you need to know, immediately repeatitto Way 2: 
yourself to begin the learning process. 

You can practice this exercise by viewing math 
videotapes and repeating important information. 

This is an especially good learning technique for au- Way 3: 
ditory learners. 





Remember: Class time is an intense study 
period that should not be wasted. Way 4: 


Listening and Learning 


7 Some students think that listening to the in- 
structor and taking notes is a waste of valuable time. 

Students too often sit in class and use only a frac- 

tion of their learning ability. Class time should be 

. considered a valuable study period where you can 3. Select your best warm-up process and try it be- 

listen, take notes, and learn at the same time. One fore your next math class. What was your warm- 

way to do this is by memorizing important facts when up process, and how did it help you? 

the instructor is talking about material you already 

| know. Another technique is to repeat back to your- 

_ self the important concepts right after the instruc- 

tor says them in class. Using class time to learn 

; math is an efficient learning system. 

; 


— Section Review — cy 





1. Explain how sitting in the golden triangle of suc- 
cess makes you a better listener. 


om 


How can you listen and learn at the same time? 
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How to become 
a good notetaker 


Becoming a good notetaker requires two basic 
strategies. One strategy is to be specific in detail. 
In other words, copy the problems down, step by step. 
The second strategy is to understand the general 
principles, general concepts, and general ideas. 


Copying from the Board 


While taking math notes, you need to copy each 
and every step of the problem even though you may 
already know every step of the problem. While in 
the classroom, you might understand each step, but 
a week later you might not remember how to do the 
problem unless all the steps were written down. In 
addition, as you write down each step, you are memo- 
rizing it. Make sure to copy every step for each 
problem written on the board. 

There will be times when you will get lost while 
listening to the lecture. Nevertheless, you should 
keep taking notes, even though you do not under- 
stand the problem. This will provide you with a ref- 
erence point for further study. Put a question mark 
(?) by those steps that you do not understand; then, 
after class, review the steps you did not understand 
with the instructor, your tutor, or another student. 


Taking Notes 


The goal of note-taking is to take the least 
amount of notes and get the greatest amount of in- 
formation on your paper. This could be the opposite 
of what most instructors have told you. Some in- 
structors tell you to take down everything. This is 
not necessarily a good note-taking system, since it is 
very difficult to take precise, specific notes while 
trying to understand the instructor. 

What you need to develop is a note-taking sys- 
tem in which you write the least amount possible and 
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get the most information down while still understand- 
ing what the instructor is saying. 


Develop an Abbreviation List 


To reduce the amount of written notes, an ab-- 
breviation system is needed. An abbreviation sys-- 
tem is your own system of reducing long words to) 
shorter versions that you still can understand. By writ-- 
ing less, you can listen more and have a better under-- 
standing of the material. 


Example: When the instructor starts explaining | 
the commutative property, you need to write “com- | 


mutative property” out the first time. After that, | 
use “COM.” You should develop abbreviations for | 
all the most commonly used words in math. 





Figure 4 on the next page provides a list of! 
abbreviations. Add your own abbreviations to this: 
list. By using abbreviations as much as possible, , 
you can obtain the same meaning from your notes, 
and have more time to listen to the instructor. 


When to 
take notes 


To become a better notetaker, you must know | 
when to take notes and when not to take notes. The 
instructor will give cues that indicate what material 
is important. These cues include | 


— presenting usual facts or ideas, 

— writing on the board, 

— summarizing, 

— pausing, - 

— repeating statements, 

— enumerating, such as “1, 2, 3” or “A, B, C,” 

— working several examples of the same type of 
problem on the chalkboard, 
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Figure 4 
Abbreviations 


E.G. (for example) 
| CF. (compare, remember in context) 
N.B. (note well, this is important) 
| «. (therefore) 
(because) 
> (implies, it follows from this) 
> (greater than) 
< (less than) 
= (equals, is the same) 
# (does not equal, is not the same) 
() (parentheses in the margin, around a sentence 
wear? of sentences, indicates an important 
? (used to indicate you do not understand the 
material) 


0 (a circle around a word may indicate that you are 
not familiar with it; look it up) 


E (marks important materials likely to be used in 
an exam) 


1, 2, 3, 4 (to indicate a series of facts) 


D (shows disagreement with statement or pas- 
sage) 


REF (reference) 

etal. (and others) 

bk (book) 

p (page) 

etc. (and so forth) 

V (see) 

VS (see above) 

SC (namely) 

SQ (the following) 

Com. (commutative) 

Dis. (distributive) 

APA (associative property of addition) 
Al (additive inverse) 

IPM (identity property of multiplication) 





— saying, “This is a tricky problem.” Most students 
will miss it (for example, 5/0 is “undefined” in- 
stead of “zero”). 

— saying, “This is the most difficult step in the 
problem,” 

— indicating that certain types of problems will be 
on the test, such as coin or age problems, and 

— explaining bold-face words. 


You must learn the cues your instructor gives 
to indicate important material. If you are in doubt 
about the importance of the class material, do 
not hesitate to ask the instructor about its im- 
portance. 

While taking notes, you may become confused 
about math material. At that point, take as many notes 
as possible, and do not give up on note-taking. 

As you take notes on confusing problem steps, 
leave extra space; then go back and fill in informa- 
tion that clarifies your misunderstanding of the steps 
in question. Ask your tutor or instructor for help 
with the uncompleted problem steps, and write down 
the reasons for each step in the space provided. 

Another procedure to save time while taking 
notes is to stop writing complete sentences. Write 
your main thoughts in phrases. Phrases are easier 
to jot down and easier to memorize. 


f) 


1. Note-taking requires two basic strategies: 


— Section Review — 


ras 





and 


2. List five abbreviations (and their meanings) that 
you use in your math class (one abbreviation and 
meaning per line). 
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3. List five cues that your instructor gives that indi- 
cate what material is important (one cue per line). 


The seven steps to 
math note-taking 


The key to effective note-taking is to record the 
fewest words while retaining the greatest informa- 
tion. As you know, it is very difficult to record notes 
and at the same time fully understand the instruc- 
tor. The seven steps to math note-taking were devel- 
oped to decrease the amount of note-taking while at 
the same time improving math learning. 

The seven steps to math note-taking consists 
of three major areas. The first area, steps 1 through 
3, focuses on recording your notes. Steps 4 through 
6 focus on checking yourself to see how much infor- 
mation is retained. This is done by recalling key words 
and concepts and putting a check mark by misunder- 
stood information. Recalling information is one of the 
best learning techniques. Step 7 focuses on under- 
standing key words and concepts that are frequently 
used, 


Note-Taking Memory Cues 


One of the best math note-taking methods is 
demonstrated in Figure 5 (Modified Three-Column 
Note-Taking Sample) on the facing page. To use this 
effective note-taking system, you need to record a 
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few memory cues as reminders. Label the top space: 
between the notebook ring and the red line “Key! 
Words.” Label the other side of the red line “Ex- 
amples.” Next, label “Explanations/ Rules” about 4 
inches from the red line. Draw a vertical line be-: 
tween the “Examples” and “Explanations/Rules” 
sections. Record the same information on the next | 
ten pages. After using this system for ten pages, 
you may not need to label each page. 
Follow these steps to improve your note-taking: 


Step 1 Record each problem step in the “Examples” 
section. 


Step 2 Record the reasons for each step in the “Ex- 
planations/Rules” section by using 


— abbreviations, 
— short phrases, not sentences, and 
— key words, properties, principles, or formulas. 


Step 3 Record key words and concepts in the left 2- 
inch margin either during or immediately after 
lecture by reworking your notes. 


Step 4 Cover up the “Examples” and “Explanations/ 
Rules” sections, and recite out loud the mean- 
ing of the key words or concepts. 


Step 5 Place a check mark by the key words and 
concepts that you did not know. 


Step 6 Review the information that you checked 
until it is understood. 


Step 7 Develop a math glossary for difficult-to-re- 
member key words and concepts. 


Vay 
‘ 


A Math Glossary 


The third area of focus in the seven steps to math 
note-taking is devoted to developing a math glossary. 
The math glossary is created to define a math vo- 
cabulary in your own words. Since math is consid- 
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Key Words 


Natural numbers 


Whole numbers 


Integers 


| 


_ Rational 


Numerator 
* Denominator 


! 


- Terminating 
decimal 


Repeating decimals 


Pi, irrational number 


Figure 5 


es ae 


JA Ri Ri Re 


setae hy Oy Dy Oy xs 


-n 
Ifn=s, 
then-n=-s 
-(-10) = 10 

- (-15)(-15) = -15 
Opposite of 
-xXiSx 


Rational numbers are fractions (%, 
2, %), 


numerator/denominator 
N/D 


41.5, 45.0, 7, 1576, 0.39, are ter- 
minating decimals 


0.333, 0.51515151 = 0.51 


mt = 3.14159 but does not repeat 
and is not a rational number. It is 
irrational. 
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Modified Three-Column Note-Taking Sample 


Explanations/Rules 
You can count them. 
Natural numbers and zero 
Negative numbers and whole num- 
bers 


Opposite of any number 


Count the number of signs; 
even means +, odd means - 


A/B, B/0 is rational 
Division by 0 undefined 


Numerator on top 
Denominator on bottom 
(D = Down) 


Decimal numbers 
Some are rational numbers, some 
are not rational numbers. 


A repeating decimal = rational 
number 


Irrational numbers do not repeat. 


7 


Key Words 
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Figure 5 
Modified Three-Column Note-Taking System 
(Blank) 
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ered a foreign language, understanding the math vo- 
cabulary becomes the key to comprehending math. 
Creating a glossary for each chapter of your text- 
book will help you understand math. 

Your glossary should include all words printed 
in bold face in the text and any words you do not 
understand. If you cannot explain the math vocabu- 


lary in your own words, ask your instructor or tutor 


for help. You may want to use the last Pages in your 
notebook to develop a math glossary for each chap- 
ter in your textbook. Review your math glossary 
before each test. 


eS 


— Section Review — 





1. List and describe the seven steps to note-taking. 


Step 1: 





Step 2: 


Step 3: 


Step 4: 


Step 5: 


Step 6: 








Step 7: 











2. Make several copies of the facing page (the modi- 
fied three-column note-taking system, and take 
notes using this system in your next math class. 
Or develop the modified three-column note-tak- 
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ing system in your own notebook. 


3. List two benefits of a math glossary. 


Benefit 1: 


Benefit 2: 


4. From your current math chapter, list and define 
five words that you can put in your math glossary. 


Word 1: 
Word 2: 
Word 3: 
Word 4: 


Word 5: 


How to rework 
your notes 


The note-taking system does not stop when you 
leave the classroom. As soon as possible after class, 
rework your notes. You can rework the notes be- 
tween classes or as soon as you get home. By re- 
working your notes as soon as possible, you can de- 
crease the amount of forgetting. This is an excellent 
procedure to transfer math information from short- 
term memory to long-term memory. 
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Remember: Most forgetting occurs right 
after learning the material. You need to 
rework the notes as soon as possible. Wait- 
ing means that you probably will not un- 
derstand what was written. 


Here are important steps in reworking your 
notes: 


Step 1 Rewrite the material you cannot read or 
will not be able to understand a few weeks later. 
If you do not rework your notes, you will be 
frustrated when studying for a test if you come 
across notes you cannot read. Another benefit 
of rewriting the notes is that you immediately 
learn the new material. Waiting means it will 
take more time to learn the material. 


Step 2 Fillin the gaps. Most of the time, when you 
are listening to the lecture, you cannot write 
down everything. It is almost impossible to 
write down everything, even if you know short- 
hand. Locate the portions of your notes that 
are incomplete. Fill in the concepts that were 
left out. In the future, skip two or three lines 
in your notebook page for anticipated lecture 
gaps. 


Step 3 Add additional key words and ideas in the 
left-hand column. These key words or ideas were 
the ones not recorded during the lecture. 


Example: You did not know that you should add 
the opposite of 18 to solve a particular problem, 
and you incorrectly added 18. Put additional im- 


portant key words and ideas (such as “opposite” 
and “negative of”) in the notes; these are the 
words that will improve your understanding of 
math. 





Step 4 Make a problem log on those problems that 
the teacher worked in class. The problem log 
is a separate section of your notebook that con- 
tains a listing of the problems (without expla- 
nations — just problems) that your teacher 
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worked in class. If your teacher chose those? 
problems to work in class, you can bet that they; 
are considered important. The problems in this; 
log can be used as a practice test for the nextt 
exam. Your regular class notes will not only) 
contain the solutions but also all the steps in-- 
volved in arriving at those solutions and can\ 
be used as a reference when you take your prac-- 
tice test. 


Step 5 Make a calculator handbook and put in it! 
your keystroke sequences. The calculator hand- - 
book can be a spiral-bound set of note cards or’ 
a separate section of your notebook that holds; 
only calculator-related information. Your hand- : 
book should also include an explanation of when 
that particular set of keystrokes is to be used. 


Step 6 Reflection and synthesis. Once you have 
finished going over your notes, review the ma- 
jor points in your mind. Combine your new notes 
with your previous knowledge to have a better un- 
derstanding of what you have learned today. 


Use a Tape Recorder 


If you have a math class during which you can- 
not get all the information down while listening to 
the lecture, ask your instructor about using a tape 
recorder. To ensure success, the tape recorder must 
have a tape counter and must be voice activated. 

The tape counter displays a number indicating 
the amount of tape to which you have listened. When 
you find you are in an area of confusing information, 
write the beginning and ending tape counter num- — 
ber in the left margin of your notes. When review- 
ing your notes, the tape count number will be a ref- 
erence point for obtaining information to work the 
problem. You can also reduce the time it takes to 
listen to the tape by using the pause button to stop 
the recording of unnecessary material. 
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Ask Questions 


To obtain the most from a lecture, you must 
ask questions in class. By asking questions, you 
improve your understanding of the material and 
decrease your homework time. By not asking ques- 
tions, you create for yourself unnecessary confusion 
during the remainder of the class period. Also, it is 
much easier to ask questions in class about poten- 
tial homework problems than it is to spend hours 
trying to figure out the problems on your own ata 
later time. 

If you are shy about asking questions in class, 
write down the questions and read them to your in- 
structor. If the instructor seems confused about the 
questions, tell him or her that you will discuss the 
problem after class. To encourage yourself to ask 
questions, remember that 


— you have paid for the instructor’s help, 

— five other students probably have the same ques- 
tion, 

— the instructor needs feedback on his or her teach- 
ing to help the class learn the material, and 

— there is no such thing as a “stupid” question. 


Record Each Problem Step 


The final suggestion in note-taking is to record 
each step of every problem written or verbally ex- 
plained. By recording each problem step, you begin 
overlearning how to work the problems. This will 
increase your problem-solving speed during future tests. 
If you get stuck on the homework, you will also have 


~ complete examples to review. 


The major reason for recording every step of a 
problem is to understand how to do the problems 
while the instructor is explaining them instead of try- 
ing to remember unwritten steps. Although it may 
seem time consuming, it pays off during homework 
and test time. 


oo 
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— Section Review — c™ 


- 


1. List and describe the six steps to reworking your 


notes. 


Step 1: 


Step 2: 


Step 3: 


Step 4: 


Step 5: 


Step 6: 


How can using a tape recorder in class improve 
your learning? 


. List three reasons for asking questions in class. 


Reason 1: 








Reason 2: 
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Reason 3: 


4. What is the major reason for recording each prob- 
lem step? 
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Lecture Notes 
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Name: 


-D 


1. Sitting in the golden triangle of success can help 
you pay more during 
class. 


2.Class time is an intense 
that should not be 
wasted. 


3. Auditory learners should review the math video- 
tape and back the important 
information. 


4.The goal of note-taking is to take the 
amount of notes and get the 
amount of information. 


5. Using abbreviations can help you write 
and listen 


6. Your should include any 
words you don’t know and their explanations. 


7. Rework your notes to transfer information from 
memory to - 
memory. 


8.A is a sepa- 
rate section in your notebook that contains prob- 
lems that your teacher worked in class. 


9. Asking in class will improve 
your understanding and decrease your homework 
time. 


10. how to work problems 


will increase your problem-solving speed and 
memory. 








Chapter 4 Review 


- - 


Date: 





cy 


What is the most important information you learned | 
from this chapter? 























How can you immediately use it? 


How to Improve 


Your Reading, 
Homework, 
and Study 
Techniques 





Reading a math textbook is more difficult than read- 
ing other textbooks. Math textbooks are written dif- 
ferently than your English or social science text- 
books. Math textbooks contain condensed material 
and therefore take longer to read. 

Mathematicians can reduce a page of writing to 
one paragraph using math formulas and symbols. 
To make sure you understood that same information, 
an English instructor would take that original page 


_ of writing and expand it into two pages. Mathemati- 


cians pride themselves on how little they can write 
and still cover the concept. This is one reason it 
may take you two to three times as long to read your 
math text as it would any other text. 


Remember: Reading your math text will 
take longer than reading your other texts. 


Math students are expected to know how to do 
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their homework; however, most math students do not 
have a homework system. Most students begin their 
homework by going directly to the problems and try- 
ing to work them. When they get stuck, they usually 
quit. This is not a good homework system. A good 
homework system will improve your homework suc- 
cess and math learning at the same time. 
In this chapter, you will learn 


— how to read a math textbook, 

— how to do your homework, 

— how to solve word problems, 

— how to work with a study buddy. 


How to read 
a math textbook 


The way you read a math textbook is different 
from the traditional way students are taught to read 
textbooks in high school or college. Students are 
taught to read quickly or skim the material. If you 
do not understand a word, you are supposed to keep 
on reading. Instructors of other courses want stu- 
dents to continue to read so they can pick up the 
unknown words and their meanings from context. 

This reading technique may work with your 
other classes, but using it in your math course will be 
totally confusing. By skipping some major concept 
words or bold-face words, you will not understand the 
math textbook or be able to do the homework. Read- 
ing a math textbook takes more time and concentra- 
tion than reading your other textbooks. 

If you have a reading problem, it would be wise 
to take a developmental reading course before tak- 
ing math. This is especially true with reformed math 
courses, where reading and writing are emphasized. 

Reform math classes deal more with word prob- 
lems than do traditional math courses. If you can- 
not take the developmental reading course before 
taking math, then take it during the same semester 
as the math course. 
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Eight Steps to Understanding 
Reading Materials 


There are several appropriate steps in reading 
a math textbook: 


Step 1 Skim the assigned reading material. Skim 
the material to get the general idea about the 
major topics. Read the chapter introduction 
and each section summary. You do not want 
to learn the material at this time; you simply 
want to get an overview of the assignment. 
Then think about similar math topics that you 
already know. 






Example: Skimming will allow you to see if prob- 
lems presented in one chapter section are further 
explained in later chapter sections. 


Step 2 As you skim the chapter, circle (using pen- 
cil) the new words that you do not understand. 
If you do not understand these new words after 
reading the assignment, then ask the instruc- 
tor for help. Skimming the reading assign- 
ments should take only five to ten minutes. 


Step 3 Put all your concentration into reading. While 
reading the textbook, highlight the material that 
is important to you. However, do not highlight 
more than 50 percent of a page because the ma- 
terial is not being narrowed down enough for fu- 
ture study. Especially highlight the material that 
is also discussed in the lecture. Material discussed 
in both the textbook and lecture usually appears 
on the test. The purpose of highlighting is to 
emphasize the important material for future study. 
Do not skip reading assignments. 


Remember: Reading a math textbook is very 
difficult. It might take you half an hour to 
read and understand just one page. 


Step 4 When you get to the examples, go through 
each step. If the example skips any steps, make 
sure you write down each one of those skipped 
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steps in the textbook for better understanding. 
Later on, when you go back and review, the 
steps are already filled in. You will understand 
how each step was completed. Also, by filling 
in the extra steps, you are starting to overlearn 
the material for better recall on future tests. 


Step 5 Mark the concepts and words that you do 
not know. Maybe you marked them the first 
time while skimming. If you understand them 
now, erase the marks. If you do not understand 
the words or concepts, then reread the page or 
look them up in the glossary. Try not to read 
any further until you understand all the words 
and concepts. 


Step 6 [fyou do not clearly understand some words 
or concepts, add these words to the note-tak- 
ing glossary in the back of your notebook. 
Your glossary will contain the bold-face words 
that you do not understand. If you have diffi- 
culty understanding the bold-face words, ask 
the instructor for a better explanation. You 
should know all the words and concepts in your 
notebook’s glossary before taking the test. 


Step 7 /f you do not understand the material, fol- 
low these eight points, one after the other, until 
you do understand the material: 


Point 1 —Go back to the previous page and 
reread the information to maintain a train 
of thought. 


Point 2— Read ahead to the next page to 
discover if any additional information bet- 
ter explains the misunderstood material. 


Point 3 — Locate'and review any diagrams, 
examples, or rules that explain the misun- 
derstood material. 


Point 4 — Read the misunderstood 
paragraph(s) several times aloud to better 
understand their meaning. 


) ag. J Si, 
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Point 5 — Refer to your math notes for a 
better explanation of the misunderstood 
material. 


Point 6 — Refer to another math textbook, 
computer software program, or videotape 
that expands the explanation of the misun- 
derstood material. 


Point 7 — Define exactly what you do not 
understand and call your study buddy for 
help. 


Point 8 — Contact your math tutor or math 
instructor for help in understanding the 
material. 


Step 8 Reflect on what you have read. Combine 
what you already know with the new informa- 
tion that you just read. Think about how this 
new information enhances your math knowl- 
edge. Prepare questions for your instructor on 
the confusing information. Ask those questions 
at the next class meeting. 


By using this reading technique, you have nar- 
rowed down the important material to be learned. 
You have skimmed the textbook to get an overview 
of the assignment. You have carefully read the mate- 
rial and highlighted the important parts. You then 
added to your note-taking glossary unknown words 
or concepts. 


Remember: The highlighted material 
should be reviewed before doing the home- 
work problems, and the glossary has to be 
learned 100 percent before taking the test. 


How Reading Ahead Can Help 


Reading ahead is another way to improve learn- 
ing. If you read ahead, do not expect to understand 
everything. Read ahead two or three sections and 
put question marks (in pencil) by the material you 
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do not understand. 

When the instructor starts discussing that ma- 
terial, have your questions prepared and take good 
notes. Also, if the lecture is about to end, ask the 
instructor to explain the confusing material in the 
textbook. Reading ahead will take more time and 
effort, but it will better prepare you for the lectures. 


How to Establish Study Period Goals 


Before beginning your homework, establish 
goals for the study period. Do not just do the home- 
work problems. 

Ask yourself this question: “What am I going to 
do tonight to become more successful in math?” 

By setting up short-term homework goals and 
reaching them, you will feel more confident about math. 
This also improves your self-esteem and helps you be- 
come a more internally motivated student. Set up home- 
work tasks that you can complete. Be realistic. 

Study period goals are set up either on a time- 
line basis or an item-line basis. Studying on a time-line 
basis is studying math for a certain amount of time. 


You may want to study math for an 
hour, then switch to another subject. You will 
study on a time-line basis. 


Example: 





Studying on an item-line basis means you will 
study your math until you have completed a certain 
number of homework problems. 


Example: You might set a goal to study math 
until you have completed all the odd-numbered 
problems in the chapter review. The odd-num- 
bered problems are the most important problems 
to work. These, in most texts, are answered in 


the answer section in the back of the book. Such 
problems provide the opportunity to recheck your 
work if you donot get the answer correct. Once 
you have completed these problems, do the even- 
numbered problems. 
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Math Study Skills Workbook 


No matter what homework system you use, re- 2. After trying each of the eight steps to reading 


member this important rule: Always finish a home- 
work session by understanding a concept or doing a 
homework problem correctly. 

Do not end a homework session with a problem 
you cannot complete. You will lose confidence, since 
all you will think about is the last problem you could 
not solve instead of the 50 problems you correctly 
solved. If you did quit on a problem you could not solve, 
return and rework problems you have done correctly. 


Remember: Do not end your study period 
with a problem you could not complete. - 


#5 


1. List and describe the eight steps to reading a math 
textbook. 





— Section Review — 


Step 1: 
Step 2: 


Step 3: 





Step 4: 





Step 5: SRA Anooannd ts ieee 
Stepbr be odd U2 Nyeriings “aie tion Mel 
Step fee. iets) Laos i ogy ahlawah 2 
Blepayite> Vsitany silt 195 106 chun geewet 
Soro Ob Cmaldeng beat hw stqmneey indeed 


ee 


your math text, make up, list, and try your own | 
condensed version. 


Step 1: jet hy Re MeL rl 2 ee 
Step 2: JS OS ZO Rae 


eT 


Step 3: 








Step 4: 








Step 5: 





Step 6: 
Step 7: 


Step 8: 


List two reasons why reading ahead can improve 
your learning. 


Reason 1: 


Reason 2: 


Describe the two types of study period goals. 
Which one do you use? 


Type 1: 











Type 2: 


’ 


| 


i 
} 


p 
} 
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How to do 
your homework 


Doing your homework can be frustrating or re- 
warding. Most students jump right into their home- 


complete the homework assignment, then re- 
view your notes. 


Remember: Reviewing your notes will give 
you a better idea about how to complete 
your homework assignment. 


work, become frustrated, and stop studying. These Step 3 Do your homework as neatly as possible. 


students usually go directly to the math problems 
and start working them without any preparation. 
When they get stuck on one problem, they flip to 
the back of the text for the answer. Then they ei- 
ther try to work the problem backward to understand 
the problem steps or they just copy down the answer. 

Other students go to the solution guide and just 
copy the steps. After getting stuck several times, 
these students will inevitably quit doing their home- 
work assignment. Their homework becomes a frus- 
trating experience, and they may even quit doing 
their math homework altogether. 


7 
10 Steps to Doing Your Homework 


To improve your homework success and learn- 
ing, refer to these ten steps: 


Step 1 Review the textbook material that relates to 
the homework. A proper review will increase 
the chances of successfully completing your 
homework. If you get stuck on a problem, you 
will have a better chance of remembering the 
location of similar problems. If you do not re- 
view prior to doing your homework, you could 
get stuck and not know where to find help in 
the textbook. 


Remember: To be successful in learning 
the material and in completing homework 
assignments, you must first review your 
textbook. 


Step 2 Review your lecture notes that relate to 
the homework. If you could not understand 
the explanation in the textbook on how to 


Doing your homework neatly has several ben- 
efits. When approaching your instructor about 
problems with your homework, he or she will 
be able to understand your previous attempts 
to solve the problem. The instructor will easily 
locate the mistakes and show you how to cor- 
rect the steps without having to decipher your 
handwriting. Another benefit is that when you 
review for midterm or final exams, you can quickly 
relearn the homework material without having 
to decipher your own writing. 


Remember: Neatly prepared homework 
can help you now and in the future. 


Step 4 When doing your homework, write down 


every step of the problem. Even if you can do 
the step in your head, write it down anyway. This 
will increase the amount of homework time, but 
you are overlearning how to solve problems, which 
improves your memory. Doing every step is an 
easy way to memorize and understand the mate- 
rial. Another advantage is that when you rework 
the problems you did wrong, it is easy to review 
each step to find the mistake. 


Remember: In the long run, doing every 
step of the homework will save you time and 
frustration. 


Step 5 Understand the reasons for each problem 


step and check your answers. Do not get into 
the bad habit of memorizing how to do prob- 
lems without knowing the reasons for each step. 
Many students are smart enough to memorize 
procedures required to complete a set of home- 
work problems. However, when similar home- 
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work problems are presented on a test, the stu- 
dent cannot solve the problems. To avoid this 
dilemma, keep reminding yourself about the rules, 
laws, or properties used to solve problems. 










Example: Problem: 2(a + 5) = 0. What property 
allows you to change the equation to 2a + 10 = 0? 
Answer: The distributive property. 


Once you know the correct reason for going 
from one step to another in solving a math problem, 
you can solve any problem requiring that property. Stu- 
dents who simply memorize how to do problems in- 
stead of understanding the reasons for correctly work- 
ing the steps will eventually fail their math course. 


How to Check Your Answers 


Checking your homework answers should be 
part of your homework duties. Checking your an- 
swers can improve your learning and help you pre- 
pare for tests. 

Check the answers of the problems for which 
solutions are not given. This may be the even-num- 
bered or odd-numbered problems or the problems 
not answered in the solutions manual. 

First, check your answer by estimating the cor- 
rect answer. 










Example: If you are multiplying 2.234 by 5.102, 
Remember that 2 times 5 is 10. The answer 
should by a little over 10. 


You can also check your answers by substitut- 
ing the answer back into the equation or doing the 
opposite function required to answer the question. 
The more answers you check, the faster you will be- 
come. This is very important because increasing 
your answer-checking speed can help you catch more 
careless errors on future tests. 


Step 6 /fyou do not understand how to doa prob- 
lem, refer to the following points: 


Math Study Skills Workbook: 


Point 1 — Review the textbook material that 
relates to the problem. 


Point 2 — Review the lecture notes that re- 
late to the problem. 


Point 3 — Review any similar problems, dia- 
grams, examples, or rules that explain the 
misunderstood material. 


Point 4 — Refer to another math textbook, 
solutions guide, math computer program 
software, or videotape to obtain a better 
understanding of the material. 


Point 5 — Call your study buddy. 


Point 6 — Skip the problem and contact 
your tutor or math instructor as soon as 
possible for help. 


Step 7 Always finish your homework by success- | 
fully completing problems. Even if you get: 
stuck, go back and successfully complete previ- : 
ous problems before quitting. You want to end 
your homework assignment with feelings of suc- 
cess. 


Step 8 After finishing your homework assignment, 
recall to yourself or write down the most im-. 
portant learned concepts. Recalling this infor- 
mation will increase your ability to learn these 
new concepts. Additional information about step 
8 will be presented later in this chapter. 


Step 9 Make up note cards containing hard-to-re- 
member problems or concepts. Note cards are an 
excellent way to review material for a test. More 
information on the use of note cards as learning - 
tools is presented later in this chapter. 


Step 10 Do not fall behind. As mentioned in Chap- 
ter 1, math is a sequential learning process. If 
you get behind, it is difficult to catch up be- 
cause each topic builds on the next. It would 
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be like going to Spanish class without learning 
the last set of vocabulary words. The teacher 
would be talking to you using the new vocabu- 
lary, but you would not understand what was be- 
ing said. 


Do Not Fall Behind 


To keep up with your homework, it is necessary 
to complete the homework every school day and even 
on weekends. Doing your homework one-half hour 
each day for two days in a row is better than one 


_ hour every other day. 


If you have to get behind in one of your courses, 
make sure it is not math. Fall behind in a course 


- that does not have a sequential learning process, such 


as psychology or history. After using the ten steps to 


_ doing your homework, you may be able to combine 


| 


two steps into one. Find your best combination of 
homework steps and use them. 


Remember: Getting behind in math home- 
work is the fastest way to fail the course. 


Ves 


— Section Review — 





1. List the ten steps to doing your math homework. 


Step 1: 


Step 2: 








Step 3: 
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Step 4: 
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Step 6: 





Step 7: 


Step 8: 


Step 9: 


Step 10: 


After trying the ten steps to doing your math home- 
work, make up, list, and try your own condensed 
version. 
Step 1: 
Step 2: 
Step 3: 
Step 4: 


Step 5: 


Step 6: 





Step 7: 





Step 8: 





Step 9: 





Step 10: 


eee 





continued on the next page 
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3. How will reviewing your notes or math text help 
you complete your homework more successfully? 


4. List two ways you can check your homework an- 
swers. 


Way 1: 


Way 2: 


5. What happens to students who fall behind in their 
homework? 











How to solve 
word problems 


The most difficult homework assignment for 
most math students is working story/word problems. 
Solving word problems requires excellent reading 
comprehension and translating skills. 

Students often have difficulty substituting al- 
gebraic symbols and equations for English terms. 
But once an equation is written, it is usually easily 


solved. To help you solve word problems, follo 
these ten steps: 


Step 1 Read the problem three times. Read th 


Step 2 Draw a simple picture of the problem t 


Step 3 Make a table of information and leave a blank 


Step 4 Use as few unknowns in your table as pos- 


Math Study Skills Wo 














problem quickly the first time as a scanning pr 
cedure. As you are reading the problem the sec: 
ond time, answer these three questions: 


1. What is the problem asking me? (Usu- 
ally at the end of the problem) 


2. What is the problem telling me that is 
useful? (Cross out unneeded information.) 


3. What is the problem implying? (Usually 
something you have been told to remem- 
ber) 


Read the problem a third time to check that 
you fully understand its meaning. 


make it more real to you (e.g., a circle with an’ 
arrow can represent travel in any form — by train,, 
by boat, by plane, by car, or by foot). 


space for the information you are not told. 


sible. If you can represent all the unknown in- 
formation in terms of a single letter, do so! When 
using more than one unknown, use a letter that 
reminds you of that unknown. Then write down! 
what your unknowns represent. This eliminates 
the problem of assigning the right answer to) 
the wrong unknown. Remember that you have: 
to create as many separate equations as youl 
have unknowns)‘: 


Step 5 Translate the English terms into an alge-- 


braic equation using the list of terms in Fig- 
ures 6 and 7 on page 69. Remember, the En-- 
glish terms are sometimes stated in a different! 
order than the algebraic terms. 


How to Improve Your Reading, Homework, and Study Techniques 67 


Figure 6 Figure 7 


Translating English Terms 
into Algebraic Symbols 


Translating English Words 
into Algebraic Expressions 


Sum 

Add 

In addition 
More than 
Increased 
In excess 

Greater 


Decreased by 
Less than 
Subtract 
Difference 
Diminished 
Reduce 
Remainder 


Times as much 
Percent of 
Product 
Interest on 


Per 
Divide 
Quotient 


Quantity 


Equal 
Will be 
Results 


Greater than 

Greater than or equal to 
Less than 

Less than or equal to 


English Words Algebraic Expressions 


Ten more than x 
A number added to 5 
A number increased by 13 
5 less than 10 
A number decreased by 7 
Difference between x and 3 
Difference between 3 and x 
Twice a number 
Ten percent of x 
Ten times x 
Quotient of x and 3 
Quotient of 3 and x 
Five is three more than a number 
The product of 2 and 
a number is 10 
One-half a number is 10 
Five times the sum of x and 2 
Seven is greater than x 
Five times the difference 
of a number and 4 
Ten subtracted from 10 times 
a number is that number plus 5 
The sum of 5x and 10 is equal to 
the product of x and 15 
The sum of two 
consecutive integers 
The sum of two consecutive 
even integers 
The sum of two consecutive 


odd integers 


x+10 
5+X 
x+13 
10-5 
x-7 
x-3 
3-x 
2x 
0.10x 
10x 
x/3 
3/x 
5=x+3 


2x=10 


x/2 = 10 


5(x + 2) 


7>xX 


5(x - 4) 


10x-10=x+5 


5x +10 = 15x 


(x) + (x + 1) 


(x) + (x + 2) 


(x) + (x + 2) 
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Step 6 /mmediately retranslate the equation, as 
you now have it, back into English. The trans- 
lation will not sound like a normal English 
phrase, but the meaning should be the same as 
the original problem. If the meaning is not the 
same, the equation is incorrect and needs to be 
rewritten. Rewrite the equation until it means 
the same as the English phrase. 


Step 7 Review the equation to see if it is similar to 
equations from your homework and if it makes 
sense. Some formulas dealing with specific 
word problems may need to be rewritten. Dis- 
tance problems, for example, may need to be 
written solving for each of the other variables 
in the formula. Distance = rate x time; there- 
fore, time = distance/rate, and rate = distance/ 
time. Usually, a distance problem will identify 
the specific variable to be solved. 


Step 8 Solve the equation using the rules of 
algebra. 


Remember: Whatever is done to one side 
of the equation must be done to the other 
side of the equation. The unknown must 
end up on one side of the equation, by it- 
self. If you have more than one unknown, 
then use the substitution or elimination 
method to solve the equations. 


Step 9 Look at your answer to see if it makes com- 
mon sense. 








Example: If tax was added to an item, it should 
cost more; if a discount was applied to an item, it 
should cost less. Is there more than one answer? 
Does your answer match the original question? 
Does your answer have the correct units? 






Step 10 Put your answer back into the original 
equation to see if it is correct. If one side of 
the equation equals the other side of the equa- 
tion, then you have the correct answer. If you do 
not have the correct answer, go back to step 5. 


Math Study Skills Workboo 






The most difficult part of solving word prob- 
lems is translating part of a sentence into algebraic 
symbols and then into algebraic expressions. Review 
Figure 6 (Translating English Terms into Algebraic 
Symbols) and Figure 7 (Translating English Words into: 
Algebraic Expressions), both on the previous page. 


How to Recall 
What You Have Learned 


After completing your homework problems, ai 
good visual learning technique is to make note cards.. 
Note cards are 3" by 5" index cards on which you! 
place information that is difficult to learn or mate-- 
rial you think will be on the test. 

On the front of the note cards write a math prob- - 
lem or information that you need to know. Color-code : 
the important information in red or blue. On the back : 
of the note card, write how to work the problem or’ 
explain important information. 


Example: If you are having difficulty remember- 
ing the rules for multiplying positive and nega- 


tive numbers, you would write some examples on 
the front of the note card with the answers on the | | 
back. 





Make note cards on important information you 
might forget. Every time you have five spare min- 
utes, pull out your note cards and review them. You 
can glance at the front of the card, repeat to yourself. 
the answer, and check yourself with the back of the 
card. If you are correct and know the information 
on a card, do not put it back in the deck. Mix up the - 
cards you do not know and pick another card to test _ 
yourself on the information. Keep doing this until there 
are no cards left that you do not know. 

If you are an auditory learner, then use the tape 
recorder like the note cards. Record the important 
information as you would-on the front of the note 
card. Then leave a blank space on the recording 
before recording the answer. Play the tape back. 
When you hear the silence, put the tape on pause. 
Then say the answer out loud to yourself. Take the 
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tape player off pause and see if you were correct. 


Review What You Have Learned 


After finishing your homework, close the text: 
book and try to remember what you have learned. 
Ask yourself these questions: “What major concepts 
did I learn tonight?” “What test questions might the 
instructor ask on this material?” 

Recall for about three to four minutes the ma- 
jor points of the assignment, especially the areas you 
had difficulty understanding. Write down questions 

for the instructor or tutor. Since most forgetting 
Occurs right after learning the material, this short 
review will help you retain the new material. 

ch 





FD — Section Review — 





1. List the ten steps to solving word problems. 


Step i 


Step 2: 2s scateimemtt urn he er 


—_—_oOoeoeoeoeoereee————————— 


—_eeeeeeeeeeee—— 





Step 3: 











Step 4: 
Step 5: 
Step 6: 
Step 7: 


Step 8: 








2. What is your best way to recall what you have 
learned? 














3. How does reviewing right after doing your home- 
work help you remember? 














How to work with 
a study buddy 


You need to have a study buddy when you miss 
class or when you do your homework. A study buddy 
is a friend or classmate who is taking the same 
course. You can find a study buddy by talking to 
your classmates or making friends in the math lab. 

Try to find a study buddy who knows more 
about math than you do. Tell the class instructor 
that you are trying to find a study buddy and ask which 
students make the best grades. Meet with your study 
buddy several times a week to work on problems and 
to discuss math. If you miss class, get the notes from 
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your study buddy so you will not get behind. 

Call your study buddy when you get stuck on 
your homework. You can solve math problems over 
the phone. Do not sit for half an hour or an hour 
trying to work one problem; that will destroy your 
confidence, waste valuable time, and possibly alien- 
ate your study buddy. Think how much you could have 
learned by trying the problem for 15 minutes and then 
calling your study buddy for help. Spend, at the maxi- 
mum, 15 minutes on one problem before going on to 
the next problem or calling your study buddy. 


Remember: A study buddy can improve 
your learning while helping you complete 
the homework assignment. Just do not over- 
use your study buddy or expect that per- 
son to do your homework for you. 

es 


£y 


— Section Review — 





1. How can you select your study buddy? 


2. How cana study buddy help you learn math? 


The benefits of 
study breaks 


Psychologists have discovered that learning 
decreases if you do not take study breaks. There- 
fore, take a break after studying math for 45 min- 
utes to one hour. 

















Math Study Skills Workbooks 


If you have studied for only 15 or 20 minutes: 
and feel you are not retaining the information ory 
your mind is wandering, take a break. If you con- 
tinue to force yourself to study, you will not learn theg 
material. After taking a break, return to studying. 

If you still cannot study after taking a break, 
review your purpose for studying and your educa 
tional goals. Think about what is required to gradu- 
ate. It will probably come down to the fact that you 
will have to pass math. Think about how studyingg 
math today will help you pass the next test; this will 
increase your chances of passing the course and of 
graduating. 

Write on an index card three positive statements 
about yourself and three positive statements aboutt 
studying. Look at this index card every time you 
have a study problem. Use every opportunity avail- 
able to reinforce your study habits. 

ch 








— Section Review — 





1. How can study breaks improve your learning? 


Ok OP he Tee ee 


Name: 





~D 


1. Reading one page of a math text might take 
you 











2. Checking your homework answers can improve 
your and help prepare you for a 





Matching 


(for students in pre-algebra class) 






































3. Product A. + 

4. Increased B. - 

5. Sum Cs 

6. Per D. / 

if Product E. = 

8. Is 

9. Reduced 

10. Remainder 
(for students taking elementary algebra 

or higher-level math course) 

3._____ Difference betweenxand3 A. 10x 

4. Quotient of x and 3 B. x/3 

5.____ Five times the sum of C. 5(x -4) 
x and 2 D. 5(x + 2) 

6 A number added to 5 E.5=x+3 

‘fF Five less than 10 F.5+x 

8. Ten times x G. 10 -5 

9.___ Five is three more than a H.x-3 
number 

10.___ Five times the difference 


of a number and four 


11. Make sure you finish your homework by work- 
ing problems you ____do. 


12. Using is a visual way to recall 
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—_ 


Date: 





cy 


what you learned in math. 


13. Using a ot ne te 
auditory way to recall what you learned in math. 


14. Most occurs right after 
learning; a short review will help you 
the new material. 


15.A can improve 
your learning while helping you complete the 
homework assignment. 


What is the most important information you learned 


from this chapter? 


How can you immediately use it? 
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Chapter 6 


How to 
Remember 


What You Have 
Learned 





. To understand the learning process, you must under- 


: 


stand how your memory works. You learn by condi- 
tioning and thinking. But memorization is different from 


learning. For memorization, your brain must perform sev- 


f 


eral tasks, including receiving the information, storing the 


; information, and recalling the information. 


; 


By understanding how your memory works, you 


‘will be better able to learn at which point your 


“memory is failing you. Most students usually experi- 
ence memory trouble between the time their brain 


receives the information and the time the informa- 
tion is stored. 

There are many techniques for learning infor- 
mation that can help you receive and store informa- 
tion without losing it in the process. Some of these 
techniques may be more successful than others, de- 


‘pending on how you learn best. 


In this chapter, you will discover 
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— how you learn, 

— howshort-term memory affects what you remember, 

— how working memory affects what you remember, 

— how long-term memory/reasoning affects what 
you remember, 

— how to use memory techniques, 

— how to develop practice tests, and 

— howto use number sense. 


How you learn 


Educators tell us that learning is the process of 
“achieving competency.” More simply put, it is how 
you become good at something. The three ways of 
learning are by conditioning, by thinking, and by a 
combination of conditioning and thinking. 


Learning by Conditioning and Thinking 
Conditioning is learning things with a maximum 


of physical and emotional reaction and a minimum 
of thinking. 





Examples: Repeating the word p/ to yourself and 
practicing where the symbol is found on a calcu- 
lator are two forms of conditioned learning. You 


are learning using your voice and your eye-hand 
coordination (physical activities), and you are do- 
ing very little thinking. 





Thinking is defined as learning with a maximum 
of thought and a minimum of emotional and physical 
reaction. 





Example: Learning about pi by thinking is different 
from learning about it by conditioning. To learn “pi” 
by thinking, you would have to do the calculations nec- 
essary to result in the numeric value that the word pi 
represents. You are learning using your mind (thought 
activities), and you are using very little emotional or 
physical energy to learn pi in this way. 
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The most successful way to learn is to combine 
thinking and conditioning. The best learning com- 
bination is to learn by thinking first and condition- 
ing second. 

Learning by thinking means that you learn by 


— observing, 
— processing, and 
— understanding the information. 


How Your Memory Works 


Memory is different from learning; it requires 
reception, storage, and retrieval of information. You 
receive information through your five senses (sen- 
sory input): what you see, feel, hear, smell, and taste. 


Examples: In math class, you will use your sense 
of vision both to watch the instructor demonstrate 
problems on the chalkboard and to read printed 
materials. You will use your sense of hearing to 
listen to the instructor and other students discuss 


the problems. Your sense of touch will be used to 
operate your calculator and to appreciate geomet- 
ric shapes. In chemistry and other classes, how- 
ever, you may additionally use your senses of smell 
and faste to identify substances. 





The sensory register briefly holds an exact im- 
age or sound of each sensory experience until it can 
be processed. If the information is not processed 
immediately, it is forgotten. The sensory register 
helps us go from one situation to the next without 
cluttering up our minds with trivial information. 

Processing the information involves placing it 
in either short-term memory, working memory, or 
long-term memory. 
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How short-term memory affects 
what you remember 


Information that passes through the sensory 
register is stored in short-term memory. Remem- 
bering something for a short time is not hard to do 
for most students. By conscious effort, you can re- 
member math laws, facts, and formulas received by 
the sensory register (your five senses) and put them’ 
in short-term memory. You can recognize them and! 
register them in your mind as something to remember 
for a short time. 


Example: When you are studying math, you can | 
tell yourself the distributive property is illustrated 
by a(b + c) = ab+ ac. By deliberately telling your- | 
self to remember that fact (by using conditioning 
— repeating or writing it again and again), you | 
can remember it, at least for a while, because you | 
have put it in short-term memory. 














Psychologists have found that short-term) 
memory cannot hold an unlimited amount of infor-- 
mation. You may be able to use short-term memory! 
to remember one phone number or a few formulas; 
but not five phone numbers or ten formulas. 

Items placed into short-term memory usually! 
fade fast, as the name suggests. 


Examples: Looking up a telephone number in the | 
directory, remembering it long enough to dial, 
then forgetting it immediately; learning the name 
of a person at a large party or in a class but for- 


getting it completely within a few seconds: cram- 
ming for a test and forgetting most of it before 
taking the test. 


a 





Short-term memory involves the ability to re 
call information immediately after it is given (with- 
out any interruptions). Itis useful in helping you to 
concentrate on a few concepts at a time, but it is not 
the best way to learn. This is especially true of stu- 
dents who have attention problems or problems with 
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short-term memory. 

Students with short-term memory problems for- 
get a math step as soon as the instructor explains it. 
To remember more facts or ideas and keep them in 
memory a longer period of time — especially at test 
time — use of a better system than short-term memory 
is required. 

Changes in the way math is taught include the 
idea that conditioning (the most often used teaching 
form) leads only to short-term memory. Condition- 
ing is often used for short-term recall of concept 
skills. The information learned in this way can only 

be stored for longer periods of time by thinking. 
_ Thinking takes place when applying the skills to work- 
ing the problems. 


How working memory affects 
' what you remember 
) 


: Working memory (or long-term retrieval) is that 
Y part of the brain that can work on problems for a 
_ longer period of time than can short-term memory. 
. Working memory, then, offers an increase in the 
_ amount of time that information is held in memory. 
| (An increase in the volume of information that can 
. be held requires long-term memory.) 
| Working memory involves the ability to recall 
; information after learning has been consistently in- 
 terrupted over a period of several minutes. Students 
_ with working memory problems may listen to a math 
lecture and understand each step as it is explained. 
_When the instructor goes back to a previous step dis- 
cussed several minutes prior, however, the student has 
difficulty explaining or remembering the reasons for 
the steps. These students have difficulty remembering 
series steps long enough to understand the concept. 
Working memory can be compared to a mental 
work space or an internal chalkboard. Just like a 
chalkboard, working memory has limited space, 
which can cause a “bottleneck” in learning. 
Working memory uses the information (such as 
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multiplication tables) recalled from long-term 
memory. Overlearning math facts — by storing them 
in long-term memory — can free up more working 
memory to solve problems. Working memory is like 
how much RAM you have in your computer. 








Example: In solving 26 x 32, you would put the 
intermediate products 52 (from 2 x 26) and 780 
(from 30 x 26 — remember, 3 is in the 10s place, 
so make it 30) into working memory and add them 
together. The more automatic the multiplication, 
the less working memory you use. If you cannot 
remember your multiplication, you use up working 
memory trying to solve the multiplication problem. 
This leaves you with less working memory to solve 
the resulting addition problem. 











How long-term memory/reasoning 


affects what you remember 


Long-term memory is a storehouse of material that 
is retained for long periods of time. Long-term memory 
is recalled into working memory to solve problems. It 
is not a matter of trying harder and harder to remem- 
ber more and more unrelated facts or ideas; it is a mat- 
ter of organizing your short-term memories and work- 
ing memories into meaningful information. 

Reasoning is thinking about memories, compre- 
hending their meanings, and understanding their con- 
cepts. Without rehearsing the information, it will not 
be processed into long-term memory/reasoning. 

The main problem students face is converting learned 
material from short-term memory or working memory 
into long-term memory — and understanding it. To place 
information into long-term memory, you need to under- 
stand it and effectively concentrate on it. 


Remember: Securing math information 
into long-term memory is not accomplished 
by just doing the homework — you must also 
understand it. 
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The Role of “Memory Output” in Testing 


Memory output is what educators call a retriev- 
ing process. It is necessary for verbal or written ex- 
aminations. It is the method by which you put infor- 
mation stored in your long-term memory onto pa- 
per or into words. Memory output can be blocked 
by three things: 


1. insufficient processing of information into long- 
term memory, 

2. test anxiety, or 

3. poor test-taking skills. 


If you did not completely place all of the infor- 
mation you learned into long-term memory, you may 
not be able to give complete answers on tests. 

Test anxiety can decrease your ability to recall 
important information or it can cause you to block 
out information totally. Ways to decrease test anxi- 
ety were discussed in Chapter 3. Students who work 
on their test-taking skills can improve their memory 
output. Techniques to improve both your memory 
output and your test-taking skills will be explained 
in Chapter 7. 


Understanding the Stages of Memory 


Understanding the stages of memory will help 
you answer this common question about learning 
math: “How can I understand the procedures to solve 
a math problem one day and forget how to solve a 
similar problem two days later?” 

There are three good answers to this question. First, 
after initially learning how to solve the problem, you did 
not rehearse the solving process enough for it to enter 
your long-term memory. Second, you did get the informa- 
tion into long-term memory, but the information was not 
reviewed frequently enough and was therefore forgot- 
ten. Third, you memorized how to work the problem 
but did not understand the concept. 


Remember: Locating where your memory 
breaks down and compensating for those 
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weaknesses will improve your math learning. 
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— Section Review — 


» 


1. Label the ovals below with stages of memory and | 
list the reasons for forgetting under the slanted ar- 
rows. 
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Describe the stages of memory by explaining 
and giving examples of the following terms: 


Sensory input 


Example 


Sensory register 





Example 





Short-term memory 








Example 


Working memory 


Example 


Long-term memory 


Example 


Memory output 








Example 








What are three conditions that can block your 
memory output? 


Condition 1: 
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Condition 2: 


Condition 3: 


Review the stages of memory and list the stages 
at which your memory breaks down. For each 
stage of breakdown, say how you can prevent it. 


Stage 


Prevention 


Stage 


Prevention 


Stage 


Prevention 
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How to use 
memory techniques 


There are many different techniques that can help 
you store information in your long-term memory. Hav- 
ing a positive attitude about studying, using your best 
learning sense(s), decreasing distractions, and other tech- 
niques can improve your long-term memory. 


Have a Good Study/Math Attitude 


Having a positive attitude about studying will 
help you concentrate and improve your retention. 
This means you need to have at least a neutral math 
attitude (you neither like nor dislike it), and you 
should reserve the right to actually learn to like 
math. View studying as an opportunity to learn rather 
than as an unpleasant task. Tell yourself that you 
can learn the material and that earning it will help 
you pass the course and graduate. 


Use Your Best “Learning Sense” 


Using your best learning sense (what educators 
call your “predominant learning modality”) can im- 
prove how well you learn and enhance the transfer 
of knowledge into long-term memory/reasoning. 
Your learning senses are vision, hearing, touching, 
and so on. Ask yourself if you learn best by watching 
(vision), listening (hearing), or touching (feeling). 


Visual (Watching) Learner 


Knowing that you are a visual math learner can 
help you select the memory technique that will work 
best for you. Repeatedly reading and writing math 
materials being studied is the best way for a visual 
learner to study. 

A visual way to decrease distractions is using 
the “my mind is full” concept. Imagine that your 
mind is completely filled with thoughts of learning 
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math, and other distracting thoughts cannot enter.. 
Your mind has one-way input and output, which only) 
responds to thinking about math when you are do-: 
ing homework or studying. 


Auditory (Hearing) Learner 


If you are an auditory learner (one who learns | 
best by hearing the information), then learning for- 
mulas may be best accomplished by repeating them 
back to yourself or recording them on a tape 
recorder and listening to them. Reading out loud is 
one of the best auditory ways to get important infor- 
mation into long-term memory. Saying facts and 
ideas out loud improves your ability to think and 
remember. If you cannot recite out loud, recite the 
material to yourself, emphasizing the key words. 

An auditory way to improve your concentration 
is by becoming aware of your distractions and tell- 
ing yourself, out loud, to concentrate. If you are ina 
location where talking out loud will cause a distur- 
bance, mouth the words “start concentrating” as you 
say them in your mind. Your concentration periods 
should increase. 


Tactile/Concrete (Touching) Learner 


A tactile/concrete learner needs to feel and 
touch the material to learn:it. Unfortunately, this 
learning sense is not used by most math instructors. 
As a result, students who depend heavily on feeling 
and touching for learning will have the most diffi- 
culty developing effective learning techniques. For 
example, if you wanted to learn the FOIL method (see 
Figure 8, on the facing page, and the acronym example 
on page 83), you would take your fingers and trace the 
“face” to remember the steps. 

A tactile/ concrete way to improve your study con- 
centration is by counting the number of distractions 
for each study session. Place a sheet of paper by your 
book when doing homework: When you catch yourself 
not concentrating, put the letter C on the sheet of pa- 
per. This will remind you to concentrate and get back 
to work. After each study period, count up the number 
of C’s and watch the number decrease. 
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Figure 8 
The FOIL Method 


F (a) (c) 
O (a) (d) 
I (b) (c) 
L (b) (d) 


(a+b) (c+d) 
Botany 


*Jessee, 1988 


FOIL is used to remember the procedure to mul- 
tiply two binomials. The letters in FOIL stand for 
First, Outside, Inside, and Last. To use FOIL, 
multiply 
— the First terms, (a) (c), 
— the Outside terms, (a) (d), 

| — the Inside terms, (b) (c), 
— the Last terms, (b) (d). 


To learn FOIL, trace your finger along the FOIL 
route. 
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Using Multiple Senses 


If you have difficulty learning material from one 
sense, you might want to try learning through two 
or three senses. Involving two or more senses in 
learning improves your learning and remembering. 

If your primary sense is visual and your second- 
ary sense is auditory, you may want to write down 
equations while saying them out loud to yourself. 
Writing and reciting the material at the same time 
combines visual and auditory and some tactile/con- 
crete styles of learning and is therefore an excellent 
way to improve learning 

Studying with a pen or highlighter is a visual as 
well as a tactile/concrete way to improve your con- 
centration. Placing the pen or highlighter in your 
hand and using it will force you to concentrate more 
on what you are reading. After you correctly write 
and recite the material back to yourself one time, do 
it five or ten more times to overlearn it. 


Be a Selective Learner 


Being selective in your math learning will im- 
prove your memory. Prioritize the materials you are 
studying; decide which facts you need to know and 
which ones you can ignore. Narrow down informa- 
tion into laws and principles that can be generalized. 
Learn the laws and principles 100 percent. 






Example: If you have been given a list of math prin- 
ciples and laws to learn for a test, put each one on an 
index card. As you go through them, create two piles: 
a “I already know this” pile and a “I don’t know this” 
pile. Then study only the “I don’t know this” pile. 
Study the “I don’t know this” pile until it is com- 
pletely memorized and understood. 









Become an Organizer 


Organizing your math material into idea/fact 
clusters or groups will help you learn and memorize 
it. Grouping similar material in a problem log or 
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calculator log is an example of categorizing infor- Examples: When learning the commutative prop- 
mation. Do not learn isolated facts; always try to erty, remember that the word commutative sounds 
connect them to other. similar material. like the word community. A community is made 
up of different types of people who could be la- 
beled as ana group and ab group. However, ina | 
community of a people and b people, it does not | 
matter if we count the @ people first or the 5 | 


Use Visual Imagery 


Using mental pictures or diagrams to help you 
learn the material is especially helpful for the visual 
learners and those who are right-hemisphere dominant 
(who tend to learn best by visual and spatial methods). 

_Mental pictures and actual diagrams involve 100 per- 
cent of your brain power. Picture the steps to solve 
difficult math problems in your mind. 


people first; we still have the same total number | 
of people in the community. Thus,a+b=5+a. | 
When learning the distributive law of multi- | 
plication over addition, such as a(b + c), remem- 
ber that “distributive” sounds like “distributor,” | 
which is associated with giving out a product. The 
distributor a is giving its products to b and c. 
Example: Use the FOIL method (see Figure 8, 
page 81) to visually learn how to multiply binomi- 
als. Memorize the face until you can sketch it from 





Use Mnemonic Devices 


memory. If you need to use it during a test, you 
can then sketch the face onto your scratch paper 
and refer to it. 


The use of mnemonic devices is another way to) 
help you remember. Mnemonic devices are easily’ 
remembered words, phrases, or rhymes associated | 
with difficult-to-remember principles or facts. 





Make Associations 
Example: Many students become confused with 


Association learning can help you remember the order of operations. These students mix up 
better. Find a link between new facts and some well. | the order of the steps in solving a problem, such 
established old facts and study them together. The | 2S dividing before adding the numbers in the pa- 
recalling of old facts will help you remember the new | ‘entheses. A mnemonic device to remember the 
facts and strengthen a mental connection between | Ofer of operations is “Please Excuse My Dear 
the two. Make up your own associations to remem. | Aunt Sally.” The first letter in each of the words - 


ber math properties and laws. represents the math function to be completed from 

the first to the last. Thus, the order of operations 

Remember: The more ridiculous the as- is Parentheses (Please), Exponents (Excuse), Mul- 
sociation, the more likely you are to re- tiplication (My), Division (Dear), Addition (Aunt), | 
member it. and Subtraction (Sally). Remember to multiply || 


and/or divide whatever comes first, from left to | 
right. Also, add or subtract whatever comes first, 
from left to right. “‘°. 
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Use Acronyms 


Acronyms are another memory device to help you 
learn math. Acronyms are word forms created from the 
first letters of a series of words. 









Example: FOIL is one of the most common math 
acronyms. FOIL is used to remember the proce- 
dure for multiplying two binomials. Each letter 
in the word FOJL represents a math operation. 
FOIL stands for First, Outside, Inside, and Last, 
as it applies to multiplying two binomials such as 
| (2x + 3)(x + 7). The First quantities are 2x (in the 
_| first expression) and x (in the second expression). 
The Outside quantities are 2x (in the first expres- 
sion) and 7 (in the second expression). The Inside 
quantities are 3 (in the first expression) and x (in 
the second expression). The Last quantities are 3 
| (in the first expression) and 7 (in the second expres- 
sion). This results in F (2x)(x) + O (2x)(7) +1(3)(x) 
+ L (3)(7). 
| Do the multiplication to get 2x7 + 14x + 3x+ 
21, which adds up to 2x7 + 17x + 21. See Figure 8 
(The FOIL Method), page 81. 
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1. How can visual learners improve their memory? 





2. Howcan auditory learners improve their memory? 














3. How can tactile/concrete learners improve their 
memory? 


8] 





How can you use multiple senses to improve your 
memory? 


Give an example of being a selective learner in your 
math class. 


From your current math lessons, make up and ex- 
plain one association remembering device that is 
not in this workbook. 


For your next major math test, make up and explain 
one mnemonic device that is not in this workbook. 


For your next major math test, make up and ex- 
plain one acronym that is not in this workbook. 
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How to develop 
practice tests 


Developing a practice test is one of the best 
ways to evaluate your memory and math skills be- 
fore taking a real test. You want to find out what 
you do not know before the real test instead of dur- 
ing the test. Practice tests should be as real as pos- 
sible and should include time constraints. 

You can create a practice test by reworking all 
the problems since your last test that you have re- 
corded in your problem log. Another practice test 
can be developed using every other problem in the 
textbook chapter tests. Further, you can use the so- 
lutions manual to generate other problems with 
which to test yourself. You can also use old exams 
from the previous semester. Check to see if the math 
lab/LRC or library has tests on file from previous 
semesters, or ask your instructor for other tests. For 
some students, a better way to prepare for a test is the 
group method. 









Example: Hold a group study session several days 
before the test. Have each student prepare a test 
with ten questions. On the back of the test, have 
the answers listed, worked out step by step. Have 
each member of the study group exchange his or 
her test with another member of the group. Once 
all the tests have been completed, have the au- 
thor of each test discuss with the group the pro- 
cedures used to solve those problems. 










If group work improves your learning, you may 
want to hold a group study session at least once a 
week. Make sure the individual or group test is com- 
pleted at least three days before the real test. 

Completing practice math tests will help you 
increase your testing skills. It will also reveal your 
test problem weaknesses in enough time for you to 
learn how to solve the problem before the real test. 
If you have difficulty with any of the problems dur- 
ing class or after taking the practice test, be sure to 
see your tutor or instructor. 
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After taking the practice test(s), you should 
know what parts you do not understand (and need 
to study) and what is likely to be on the test. Put 
this valuable information on one sheet of paper. This 
information needs to be understood and memorized. 
It may include formulas, rules, or steps to solving a 
problem. ite 

Use the learning strategies discussed in this 
chapter to remember this information. A good ex- 
ample of how this information should look is what 
students might call a mental “cheat sheet.” Obvi- 
ously, you cannot use the written form of this sheet 
during the real test. 

If you cannot take a practice test, put down on 
your mental cheat sheet the valuable information you 
will need for the test. Work to understand and memo- 
rize your mental cheat sheet. Chapter 7, “How to 
Improve Your Math Test-Taking Skills,” will discuss 
how to use the information on the mental cheat sheet 
— without cheating. 
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1, List three different ways you can make up a prac- 
tice test. 


Way 1: 


SS 




















2. List ten different types of problems you would put 


_ Problem 8: 


| Problem 9: 


| 
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on your practice test for the next exam. 
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Problem 5: 
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Problem 10: 





3. Give these ten problems to your study buddy and 
get ten problems from him or her. Compare your 
answers with those of your study buddy. 


How many did you get right? 
How can you correct the wrong answers? 


How to use 


number sense 


When taking your practice tests, you should use 
“number sense,” or estimations, to make sure your an- 
swer is reasonable. Number sense is like common sense 
but it applies to math. Number sense is the ability to 
see if your answer makes sense without using algorithms. 
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(Algorithms are the sequential math steps used to solve 
problems.) These following examples demonstrate solv- 
ing a math problem (from a national math test given to 
high school students) using algorithms and number 


sense. 





Example: Solve 3.04 x 5.3. Students use algo- 
rithms to solve this problem by multiplying the 
number 3.04 by 5.3, in sequence. Seventy-two per- 
cent of the students answered the problem cor- 
rectly using algorithms. 













Example: Estimate the product 3.04 x 5.3, and 
choose from the following answers. 

A) 1.6 C) 160 

B) 16 D) 1600 
Only 15 percent of the students chose B, which is 
the correct answer. Twenty-eight percent of the 
students chose A. Using estimating to solve the 
answer, a whopping 85 percent of the students got 
the problem wrong. 









These students were incorrectly using their 
“mental chalkboard” instead of using number sense. 
In using number sense to answer, you would multi- 
ply the numbers to the left of the decimal in each 
number to get an estimate of the answer. To esti- 
mate the answer, then, you would multiply 3 (the 
number to the left of the decimal in 3.04) by 5 (the 
number to the left of the decimal in 5.3) and expect 
the answer to be a little larger than 15. 

It appears that the students’ procedural process- 
ing (the use of algorithms) was good, but when asked 
to solve a non-routine problem using estimating 
(which is easier than using algorithms), the results 
were disappointing. 

Another example of using number sense, or 
estimating, is in “rounding off.” 

Taking the time to estimate the answer to a math 
problem is a good way to check your answer. Another 
way to check your answer is to see if it is reasonable. 
Many students forget this important step and get the 
answer wrong. This is especially true of word or story 
problems. 
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Example: Solve 48 + 48 by rounding off. Rounding 
off means mentally changing the number (up or 
down) to make it more manageable to you, without 
using algorithms. By rounding off, 48 becomes 50 


(easier to work with). 50 + 50 = 100. If the choices 
for answers were 104, 100, 98 and 96, you would 
then subtract 4 from the 100 (since each number 
was rounded up by 2) and you would get 96. 





Also, when dealing with an equation, make sure 
to put the answer back into the equation to see if 
one side of the equation equals the other. If the two 
sides are not equal, you have the wrong answer. If 
you have extra time left over after you have com- 
pleted a test, you should check answers using this 
method. 


Examples: When solving a rate-and-distance prob- 
lem, use your common sense to realize that one 
car cannot go 500 miles per hour to catch the 
other car. However, the car can go 50 miles per 
hour. 

The same common sense rule applies to age- 
word problems, where the age of a person cannot 
be 150 years, but it can be 15 years. 

Further, in solving equations, x is usually a 
number that is less than 20. When you solve a prob- 
lem for x and get 50, then, this isn’t reasonable, and 
you should recheck your calculations. 


Example: In solving the equation x + 3 = 9, you 
calculated that x= 5. To check your answer, sub- 
stitute x with 5 and see if the problem works out 
correctly. 5 + 3 does not equal 9, so you know you 
have made a mistake and need to recalculate the 
problem. The correct answer, by the way, is x = 6. 





Remember: Number sense is a way to get 
more math problems correct by estimating 
your answer to determine if it is reasonable. 
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ff — Section Review — c™ | 


1. Give an explanation of number sense. 





2. How does number sense compare to common sense?’ 








3. Give an example of a recent math problem yout 


missed due to poor number sense. 


4. List two ways you can improve your number sense.. 


First Way 





Second Way 











: 


Name: 








fy Chapter 6 Review 
if ahs learning with a maximum 
of physical and reaction and 





a minimum of thinking. 


-. is defined as learning with a 
maximum of thought and a minimum of emo- 
tional and reaction. 





3. The way you receive information is through your 
five senses, which are ; 





4. The briefly holds 
an exact image or sound of each sensory experi- 
ence until it can be processed or forgotten. 


5. Short-term memory involves the ability to 
information after it is given 
without any interruptions. 





6. Working memory involves the ability to recall 
information after learning has been 
over a period of several 


7. Working memory can also be considered your 
internal that recalls information 
from 


8: The main problem most students have is convert- 
ing learned material into 
and it. 











9. Repeatedly reading and writing math material is 
one of the best ways for a 
learner to study. 





10. Reading is one of the best 
auditory ways to learn material. 


1h roa 





learner needs to 


Date: 


cS 


feel and touch material to learn it. 


12. Being a selective learner means__ 
the material to study and learning the laws and 
principles percent. 


13. Mnemonic devices are easy-to-remember ; 
or associated with dif- 
ficult-to-remember principles or facts. 





14. are word forms created from the 


first letters of a series of words. 


15. The reason to develop a practice test is to find 
out what you do not know the test 
instead of the test. 


What is the most important information you learned 
from this chapter? 























How can you immediately use it? 














, a ot 
— > oe ; 
Pi ¢ ave 4 
ia i PAT 
+ Bee i vy & 7? FP | 
‘ 
; > ef 
4 ¢ 
+ uased.c’ font teud fasted 
' . P wih ce. se 
~ 2A Faas SUT) rise te f Screws! 
ee emt tS aaa - = 
ot . ie 
yer | Stiitess One VoMte ab eae ce P 
yi Pe oh |i. se ee OO 
— + ¥ P . oe ‘ ad " > 
J : . n Pra we A e é , 
mh Thierens STE So op Hitt 74 
mney i 
“ 


- : : A oral aspae,. 7 ve Pee 
NPE) Cebtirer. rie ile : 


“tle haw VOOR 


ey hes ye 
" wer, « » by 
g2 i eo Bi 4} we = 


4; pov fala eet? Inn 


Pa 


A * 
~ 2a = . AS yr 3 i . ieee we aA s ts 
Gar? 5) 3¢ Yen iP a ab 7 € sO 9a G! Meas wl “t' 
¢ 
nat Gay - ~_ xe fa Wort Ob Gow Hbhe he 
eA ea toe Ob Gor ten Te. 
= ‘ dl 
iz 
eu 2,¢74 i ir 
, Sl . A (A A I 7 De at 
—_~eF oe 7 a a 
wer a = 4 ai 4A tee 
fea eti ‘ es tootroe? trom it a 2 icd'h 
Tt. ¥ > 
i fhits & Se eile i 
~~ ~§ : — ; ' 
ae — oe en eal Ss ileal teeta 
ea gy ee —— ° er ey. ptt oe 
Ne lt iia ~- ee go a OO Rn PO at egg 
~ Te ae =“ ~er 
—— ae ——<—-~  -» =~ ye ee . ote ope 
> - i = - =“ ao 
Se ee a ee a a 
. . 
a iene inetd J a 
a ae — _ - — enn 6 etme Oe w= es ore 
SS a intaderietialt etree 
a at i > 
the Ww \ 
a7 
2 f ) 
Z rants 
" ss { 
A tet Fat) his) eS WOH 
i. me 
ayaa lea tae attention . 7 
at a sr T 
a — — Ro eee | 
a " — — custalipetantins 
— (ery 
——— — _ ee 
: Bi apee 
jt 
_ = ar a ae 
" shAG 
< é rd . wtliguamenneaetniiashe 
; — . ——— uitatiativcinpeniidiemeddiinaien 
7 — os - = cihenrtiytasinislestepenteieriities 


5 AF SED es 


Oe) tpoouty at nokrapritat m 


) ae 











funetnee afar 
bre peat 


em 


a 


¥ grins as 


ao Wo ammonia 6 ran ghar > mt 


ce) 
~ saotoase, — 


res (uae eee 













—: — + gone et 
a, eT ee : 
—— wer eee 
—-® “< 


ae te 


i 


hod fend 


439437 yroairbe fag 


yas ery texts ot 


Ja 
set c fe 10 fess iit the 


Tae 
+4 















figvey ” 


yiiltdz reo 


ot ee | 


eg ’ 4 r > : _ 
t 0 

nine = i aay ie 
— —— TT SP Liate eT) - _ 


Two beh we eels 
wor iisitcsnd stinssr Yet 


at re, 





ee 


f We 
ssevtids a Pivahams 


~~ aoe eee © 





\ ht ARO Gnas aeeeamncy gue 
7 hd 
t i i ee ¢ 
ball A tn te ee 





es 


2 Isivaiem dem yallirw bas % 





, 


| 


ear ee! 


How to Improve 


Your Math 
Test-Taking 
Skills 





Taking a math test is different from taking tests in 


_ other subjects. Math tests require not only that you 


to recall the information, but that you apply the in- 
formation. Multiple-choice tests, for example, usu- 
ally test you on recall, and if you do not know the 
answer, you can guess. 

Math tests build on each other, whereas history 


' tests often do not test you on previous material. Most 


math tests are speed tests, where the faster your are, 


the better grade you can receive; most social science 


tests are designed for everyone to finish. 

Math test preparation and test-taking skills are 
different from preparation and skills needed for other 
tests. You need to have a test-taking plan and a test 
analysis plan to demonstrate your total knowledge 
on math tests. Students with these plans make bet- 
ter grades compared to students without them. Math 
instructors want to measure your math knowledge, 
not your poor test-taking skills. 
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In this chapter, you will learn 


why attending class and doing your homework 
may not be enough to pass, 

the general pretest rules, 

the ten steps to better test taking, 

the six types of test-taking errors, and 

how to prepare for the final exam. 


Why attending class 
and doing your homework 
may not be enough to pass 


Most students and some instructors believe that 


attending class and doing all the homework ensures 
an A or B on tests. This is far from true. Doing all 
the homework and getting the correct answers is very 
different in many ways from taking tests: 


1. 


While doing homework, there is little anxiety. 
A test situation is just the opposite. 


. You are not under a time constraint while do- 


ing your homework; you may have to complete 
a test in 55 minutes or less. 


If you get stuck on a homework problem, your 
textbook and notes are there to assist you. This 
is not true for most tests. 


Once you learn how to do several problems ina 
homework assignment, the rest are similar. In 
a test, the problems are in random order. 


In doing homework, you have the answers to at 
least half the problems in the back of the text 
and answers to all the problems in the solutions 
guide. This is not true for tests. 


While doing homework, you have time to fig- 
ure out how to correctly use your calculator. 
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During the test, you can waste valuable time fig- 
uring out how to use your calculator. 


When doing homework, you can call your study 
buddy or ask the tutor for help, something you 


cannot do on the test. 


Do not develop a false sense of security by be- 


lieving you can make an A or B by doing just your 
homework. Tests measure more than just your math 
knowledge. 


The general 
pretest rules 


General rules are important when taking any 


type of test: 


} 


Get a good night’s sleep before taking a test. 
This is true for the ACT, the SAT, and your math 
tests. If you imagine you are going to cram all 
night and perform well on your test with three 
to four hours of sleep, you are wrong. It would 
be better to get seven or eight hours of sleep 
and be fresh enough to use your memory to re- 
call information needed to answer the questions. 


Start studying for the test at least three days ahead 
of time. Make sure you take a practice test to find 
out, before the test, what you do not know. Re- 
view your problem log and work the problems. 
Review the concept errors you made on the last 
test. (How to identify and correct your concept 
errors will be discussed later in this chapter.) Meet 
with the instructor or tutor for help on those ques- 
tions you cannot solve. 


Review only already learned material the night 
before a test. 


4. Make sure you know all the information on 
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your mental cheat sheet. Review your notebook 
and glossary to make sure you understand the 
concepts. Work a few problems and recall the 
information on your mental cheat sheet right 
before you go to bed. Go directly to bed; do not 
watch television, listen to the radio, or party. 
While you are asleep, your mind will work on 
and remember the last thing you did before go- 
ing to sleep. 


5. Get up in the morning at your usual time and 
review your notes and problem log. Do not do 
any new problems, but make sure your calcula- 
tor is working. 





4) — Section Review — (| 
List five reasons why only attending class and do- 
ing your homework may not be enough to pass your 


math course. 


Reason 1: 








Reason 2: 


OC eee 
. 





EEE eae Gn Ce Oe ee 
Reason 3. gs 
Tae een amen er OT 
we ee KE 
Reason 4: 

weve ee Ne 
—_— ee 
Reason 5: . 


SEITE nen meeaerar ee ee ee ee ee 
Snes seeree 


! 


: 
] 


How to Improve Your Math Test-Taking Skills 


89 


2. List and explain three general pretest rules that Step 2 Preview the test. Put your name on the test 


best apply to you. 


Rule 1: 








The ten steps to 
better test taking 


: Once you begin a test, follow the ten steps to 
better test taking: 


Step 1 Use a memory data dump. Upon receiving 
your test, turn it over and write down the infor- 
mation that you put on your mental cheat sheet. 
Your mental cheat sheet has now turned intoa 
mental list, and writing down this information 
is not cheating. Do not put your name on the 
test, do not skim it, just turn it over and write 
down those facts, figures, and formulas from 
your mental cheat sheet or other information 
you might not remember during the test. This 
is called your first memory data dump. The data 
dump provides memory cues for test questions. 


and start previewing. Previewing the test re- 
quires you to look through the entire test to 
find different types of problems and their point 
values. Put a mark by the questions that you 
can do without thinking. These are the ques- 
tions that you will solve first. 


Step 3 Doa second memory data dump. The sec- 


ondary data dump is for writing down material 
that was jarred from your memory while preview- 
ing the test. Write this information on the back of 
the test. 


Step 4 Develop a test progress schedule. When 


you begin setting up a test schedule, determine 
the point value for each question. Some test 
questions might be worth more points than oth- 
ers. 

In some tests, word problems are worth 5 
points and other questions might be worth 2 or 
3 points. You must decide the best way to get 
the most points in the least amount of time. This 
might mean working the questions worth 2 or 
3 points first and leaving the more difficult word 
problems for last. 

Decide how many problems should be com- 
pleted halfway though the test. You should have 
more than half the problems completed by that 
time. 


Step 5 Answer the easiest problems first. Solve, in 
order, the problems you marked while previewing 
the test. Then review the answers to see if they 
make sense. Start working through the test as 
fast as you can while being accurate. Answers 
should be reasonable. 





Example: The answer to a problem asking you 
to find the area of a rectangle cannot be nega- 
tive, and the answer to a land-rate-distance prob- 
lem cannot be 1000 miles per hour. 










Example: It might take you a while to remember 
how to do a coin problem. However, if you had 






immediately turned your test over and written 
down different ways of solving coin problems, it Clearly write down each step'to"wet partial 
would be easier to solve the coin problem. credit. Even if you end up missing the problem, 
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you might get some credit. In most math tests, 
the easier problems are near the beginning of the 
first page; you need to answer them efficiently and 
quickly. This will give you both more time for the 
harder problems and time to review. 


Step 6 Skip difficult problems. If you find a prob- 


lem that you do not know how to work, read it 
twice and automatically skip it. Reading it twice 
will help you understand the problem and put it 
into your working memory. While you are solv- 
ing other problems, your mind is still working 
on that problem. Difficult problems could be 
the type of problem you have never seen before 
or a problem in which you get stuck on the sec- 
ond or third step. In either case, skip the prob- 
lem and go on to the next one. 


Step 7 Review the skipped problems. When work- 


ing the skipped problems, think how you have 
solved other, similar problems as a cue to solv- 
ing the skipped ones. Also try to remember how 
the instructor solved that type of problem on 
the board. 

While reviewing skipped problems, or at 
any other time, you may have the “Aha!” re- 
sponse. The “Aha!” response is your remember- 
ing how to do a skipped problem. Do not wait 
to finish your current problem. Go to the prob- 
lem on which you had the “Aha!” and finish that 
problem. If you wait to finish your current prob- 
lem, your “Aha!” response could turn into an 
“Oh, no!” response. 


Step 8 Guess at the remaining problems. Do as 


much work as you can on each problem, even if 
it is just writing down the first step. If you can- 
not write down the first step, rewrite the prob- 
lem. Sometimes rewriting the problem can jar 
your memory enough to do the first step or the 
entire problem. If you leave the problem blank, 
you will get a zero. Do not waste too much time 
on guessing or trying to work the problems you 
cannot do. 


Step 9 Review the test. Look for careless errors or 


Step 10 Use all the allowed test time. Review each 
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other errors you may have made. Students usui 
ally lose 2 to 5 test points on errors that coul 
have been caught in review. Do not talk your 
self out of an answer just because it may not 
look right. This often happens when an answer 
does not come out even. It is possible for th 
answer to be a fraction or decimal. 


Remember: Answers in math do not have 
“dress codes.” Research reveals that the 
odds of changing a right answer to a wrong 
answer are greater than the odds of chang- 
ing a wrong answer to a right one. 


problem by substituting the answer back into) 
the equation or doing the opposite function re- 
quired to answer the question. If you cannot 
check the problem by the two ways mentioned,, 
rework the problem on a separate sheet of paper’ 
and compare the answers. Do not leave the testt 
room unless you have reviewed each problem two) 
times or until the bell rings. 


Remember: There is no prize for handing 
your test in first, and students who turn 


their papers in last do make A’s. 


Stapling your scratch paper to the math test: 


when handing it in has several advantages: 


If you miscopied the answer from the scratch 
paper, you will probably get credit for the an-. 
swer. 


If you get the answer incorrect due to a care- 
less error, your work on the scratch paper could 
give you a few points. 


If you do get the problem wrong, it will be easier 
to locate the errors when the instructor reviews 
the test. This will prevent you from making the 
same mistakes on the next math test. 
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Remember: Handing in your scratch pa- 
per may get you extra points or improve 
your next test score. 


— Section Review — 





List and explain the ten steps to test taking. 


Step 1: 














Step 4: 


Step 5: 


Step 6: 


Step 7: 


Step 8: 








Step 9: 
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Step 10: 


SL sssennnenteeennenereitne 








After trying the ten steps to test taking, develop 
your own personalized test-taking steps. 


Step 1: 


Step 2: 


Step 3: 


Step 4: 


Step 5: 


Step 6: 


Step 7: 


Step 8: 


Additional Steps 
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The six types of | 
test-taking errors 


To improve future test scores, you must con- 
duct a test analysis of previous tests. In analyzing 
your tests, you should look for the following kinds of 
errors: 


misread-directions errors 
careless errors 

concept errors 
application errors 
test-taking errors 

study errors 


ah ak oat al aed | 


Students who conduct math test analyses will 
improve their total test scores. 

Misread-directions errors occur when you skip 
directions or misunderstand directions, but do the 
problem anyway. 





Examples: Suppose you have this type of prob- 
lem to solve: (x + 1)(x + 1). Some students will 
try to solve for x, but the problem only calls for 
multiplication. You would solve for x only if you 
have an equation such as (x + 1)(x + 1) = 0. 

Another common mistake is not reading the di- 
rections before doing several word problems or 
Statistical problems. All too often, when a test is 
returned, you find only three out of the five prob- 
_lems had to be completed. Even if you did get all 
five of them correct, it cost you valuable time that 
could have been used obtaining additional test 
points. 













To avoid misread-directions errors, read all the 
directions. If you do not understand them, ask the 
instructor for clarification. 


Careless errors are mistakes that you can catch 
automatically upon reviewing the test. Both good and 
poor math students make careless errors. Such errors 
can cost a student a higher letter grade on a test. 
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Examples: Dropping the sign: -3(2x) = 6x, in- 


stead of - 6x, which is the correct answer. 
Not simplifying your answer: Leaving 
(3x - 12)/3 as your answer instead of simplify- 


ing ittox - 4. 

Adding fractions: 1/2 + 1/3 = 2/5, instead of 
5/6, which is the correct answer. 

Word problems: x = 15 instead of “The student 
had 15 tickets.” 


However, many students want all their errors to 
be careless errors. This means that the students did 
know the math, but simply made silly mistakes. In 
such cases, I ask the student to solve the problem 
immediately, while I watch. 

If the student can solve the problem or point 
out his or her mistake in a few seconds, it is a care- 
less error. If the student cannot solve the problem 
immediately, it is not a careless error and is prob- 
ably a concept error. 

When working with students who make care- 
less errors, I ask them two questions: First, “How 
many points did you lose due to careless errors?” 
Then I follow with, “How much time was left in the 
class period when you handed in your test?” Students 
who lose test points to careless errors are giving away 
points if they hand in their test papers before the 
test period ends. 

To reduce careless errors, you must realize the 
types of careless errors made and recognize them 
when reviewing your test. If you cannot solve the 
missed problem immediately, it is not a careless er- 
ror. If your major error is not simplifying the an- 
swer, review each answer as if it were a new problem 
and try to reduce it. 


Concept errors are mistakes made when you do 
not understand the properties or principles required 
to work the problem. Concept errors, if not cor- 
rected, will follow you from test to test, causing a 
loss of test points. 


How to Improve Your Math Test-Taking Skills 





Examples: Some common concept errors are not 
knowing: 
(-)(-)x =x, not -x 
-1(2) > x(-1) = 2 <x, not2>x 
5/0 is undefined, not 0 
(a + x) /x is not reduced to a 
the order of operations . 








Concept errors must be corrected to improve your 
_ next math test score. Students who have numerous 
concept test errors will fail the next test and the 
course if concepts are not understood. Just going 
back to rework the concept error problems is not 
good enough. You must go back to your textbook 
or notes and learn why you missed those types of 
problems, not just the one problem itself. 

The best way to learn how to work those types 
of problems is to set up a concept problem error 
page in the back of your notebook. Label the first 
page “Test One Concept Errors.” Write down all your 

! concept errors and how to solve the problems. Then, 
work five more problems that use the same concept. 
Now, in your own words, write the concepts that you 
are using to solve these problems. 

If you cannot write the concept in your own 
- words, you do not understand it. Get assistance from 
your instructor if you need help finding similar prob- 
lems using the same concept or cannot understand 
| the concept. Do this for every test. 


Application errors occur when you know the con- 
; cept but cannot apply it to the problem. Application 
, errors usually are found in word problems, deducing 
' formulas (such as the quadratic equation), and graph- 
ing. Even some better students become frustrated with 
application errors; they understand the material but 
cannot apply it to the problem. 
To reduce application errors, you must predict 
the type of application problems that will be on the 
test. You must then think through and practice solv- 


ing those types of problems using the concepts. 


93 





Example: If you must derive the quadratic for- 
mula, you should practice doing that backward 
and forward while telling yourself the concept 
used to move from one step to the next. 







Application errors are common with word prob- 
lems. After completing the word problem, reread 
the question to make sure you have applied the an- 
swer to the intended question. Application errors 
can be avoided with appropriate practice and insight. 


Test-taking errors apply to the specific way you 
take tests. Some students consistently make the same 


types of test-taking errors. Through recognition, 


these bad test-taking habits can be replaced by good 
test-taking habits. The result will be higher test 
scores. The list that follows includes the test-taking 
errors that can cause you to lose many points on an 
exam: 


1. Missing more questions in the first third, sec- 
ond third, or last third of a test is considered a 
test-taking error. 

Missing more questions in the first third 
of a test can be due to carelessness when doing 
easy problems or due to test anxiety. 

Missing questions in the last part of the 
test can be due to the fact that the last prob- 
lems are more difficult than the earlier ques- 
tions or due to increasing your test speed to 
finish the test. 

If you consistently miss more questions in a 
certain part of the test, use your remaining test 
time to review that section of the test first. This 
means you may review the last part of your test 
first. 


2. Not completing a problem to its last step is an- 
other test-taking error. If you have this bad 
habit, review the last step of the test problem 
first, before doing an in-depth test review. 


3. Changing test answers from correct ones to 
incorrect ones is a problem for some students. 
Find out if you are a good or bad answer-changer 
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by comparing the number of answers changed 
to correct and to incorrect answers. If you are 
a bad answer-changer, write on your test, “Don’t 
change answers.” Change answers only if you 
can prove to yourself or the instructor that the 
changed answer is correct. 


. Getting stuck on one problem and spending 


too much time on it is another test-taking er- 
ror. You need to set a time limit on each prob- 
lem before moving to the next problem. Work- 
ing too long on a problem without success will 
increase your test anxiety and waste valuable 
time that could be used in solving other prob- 
lems or in reviewing your test. 


. Rushing through the easiest part of the test and 


making careless errors is a common test-tak- 
ing error for the better student. If you have the 
bad habit of getting more points taken off for 
the easy problems than for the hard problems, 
first review the easy problems, and later review 
the hard problems. 


Miscopying an answer from your scratch work 
to the test is an uncommon test-taking error, but 
it does cost some students points. To avoid 
these kinds of errors, systematically compare 
your last problem step on scratch paper with the 
answer written on the test. In addition, always 
hand in your scratch work with your test. 


Leaving answers blank will get you zero points. 
If you look at a problem and cannot figure out 
how to solve it, do not leave it blank. Write 
down some information about the problem, re- 
write the problem, or try to do at least the first 
step. 


Remember: Writing down the first step of 
a problem is the key to solving the prob- 
lem and obtaining partial credit. 


Solving only the first step of a two-step prob- 
lem causes problems for some students. These 
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students get so excited when answering the first 
step of the problem that they forget about the 
second part. This is especially true on two-step 
word problems. To correct this test-taking er- 
ror, write “two” in the margin of the problem. 
That will remind you that their are two steps or 

two answers to this problem. 


9. Not understanding all the functions of your cal- 
culator can cause major testing problems. Some 
students only barely learn how to use the criti- 
cal calculator functions. They then forget or 
have to relearn how to use their calculator, 
which costs test points and test time. Do not 
wait to learn how to use your calculator on the 
test. Overlearn the use of your calculator be- 
fore the test. 


10. Leaving the test early without checking all your 
answers is a costly habit. Do not worry about 
the first person who finishes the test and leaves. 
Many students start to get nervous when students 
start to leave after finishing the test. This can 
lead to test anxiety, mental blocks, and loss of re- 
call. 

According to research, the first students 
finishing the test do not always get the best 
grades. It sometimes is the exact opposite. Ig- 
nore the exiting students, and always use the 
full time allowed. . 


Make sure you follow the ten steps to better test 
taking (see page 91). Review your test-taking proce- 
dures for discrepancies in following the ten steps to 
better test taking. Deviating from these proven ten 
steps will cost you points. 

Study errors, the last type of mistake to look 
for in test analysis, occur when you study the wrong 
type of material or do not spend enough time on 
pertinent material. Review your test to find out if 
you missed problems because you did not practice 
that type of problem or because you did practice it 
but forgot how to do it during the test. Study errors 
will take some time to track down. But correcting 
study errors will help you on future tests. 
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Most students, after analyzing one or several 
tests, will recognize at least one major, common test: 
taking error. Understanding the effects of this test- 
taking error should change your study techniques 
or test-taking strategy. 








Example: If there are seven minutes left in the 
test, should you review for careless errors or try 
to answer those two problems you could not to- 
| tally solve? This is a trick question. The real ques- 
tion is, Do you miss more points due to careless 
errors or concept errors, or are the missed points 
about even? The answer to this question should 
determine how you will spend the last minutes of 
the test. If you miss more points due to careless 
errors or miss about the same number of points 
due to careless/concept errors, review for care- 
| less errors. 













Careless errors are easier to correct than con- 
cept errors. However, if you make very few or no 
careless errors, you should be working on those last 
two problems to get the greatest number of test 
points. Knowing your test-taking errors can add more 
points to your test by changing your test-taking pro- 
cedure. 


— Section Review — a 


Ay 





1. List the six types of test-taking errors. 


Error 1: 








Error 2: 











Error 3: 





Error 4: 











Error 5: 


Error 6: 


2. Which of these errors have you made in the past? 


3. How can you avoid these types of errors on the 


next test? 


4, Review your last test to list the type of errors, 


the points lost for each error, and examples of 
the errors. (Remember: Careless errors are prob- 
lems you can solve immediately.) 


Error 1: 
Points Lost 
Error Example 
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Error 2: 
Points Lost 
Error Example 





Error 3: 
Points Lost 
Error Example 








Error 4: 
Points Lost 
Error Example 











Error 5: 
Points Lost 
Error Example 








Error 6: 
Points Lost 


NNER 


Error Example 


rrr NSCS 


List any additional concept error problems that 
were not included in question 2. 


Concept Error Problems 





Using the pages in the back of your math note- 
book, rework the concept error problems and do 
five math problems just like them. For each con- 
cept error, write why you could not solve the 
problem on the test and what new information you 
learned to solve the problem. Do this for every 
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major test. Give an example of one of your concept 
error(s) and the reasons you can now solve it. 


Concept Error Problem(s) 


RR ER RR 


Reasons I Can Now Solve It 


How to prepare 
for the final exam 


The first day of class is when you start prepar- 
ing for the final exam. Look at the syllabus or ask 
the instructor if the final exam is cumulative. A cu- 
mulative exam covers everything from the first chap- 
ter to the last chapter. Most math final exams are 
cumulative. 

The second question you should ask is if the 
final exam is a departmental exam or if it is made up 
by your instructor. In most cases, departmental ex- 
ams are more difficult and need a little different 
Preparation. If you have a departmental final, you need 
to ask for last year’s test and ask other students what 
their instructors say will Be on the test. 

The third question is, How much will the final 
exam count? Does it carry the same weight as a regu- 
lar test or, as in some cases, will it count a third of 
your grade? If the latter is true, the final exam will 
usually make a letter grade difference on your final 
grade. The final exam could also determine if you 
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pass or fail the course. Knowing this information 
before the final exam will help you prepare. 


Preparing for the final exam is similar to pre- 
paring for each chapter test. You must create a pre- 


test to discover what you have forgotten. You can 
use questions from the textbook chapter tests or ques- 
tions from your study group. 

Review the concept errors that you recorded in 
the back of your notebook labeled “Test One,” “Test 


_ Two,” and so on. Review your problem log for ques- 


tions you consistently miss. Even review material 
that you knew for the first and second test but which 


was not used on any other tests. Students forget 


how to work some of these problems. 
Make sure to use the ten steps to better test 


| taking (see page 91), and the information gained from 


your test analysis. Use all the time on the final exam, 


because you could improve your final grade by a full 


letter if you make an A on the final. 


Fy — Section Review — cy 





1. Whatare the three qustions you need to ask about 
your final exam? 


Question 1: 


Question 2: 


Question 3: 
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Bn Chapter 7 Review cy, 


1. You should start studying for a test at least oo. 
days ahead of time. 


2. You should be reviewing only already- 
material the night before the test. 


3. When previewing the test, put a by the 


questions you can solve without thinking, and do 
those problems 


4. When taking a test, you must decide the best way 
to get the points in the 
amount of time. 


5. Halfway through the test, you should have 
than half of the problems completed. 


6. If you cannot write down the first step of a prob- 
lem, you should the problem to 
help you remember how to solve it. 


7. Do not leave the test room until you have re- 
viewed each problem times or until the 
bell rings. 


8. In reviewing the test, if you cannot solve the prob- 

lem immediately (within a few seconds), it is not 

a error and is probably a 
error. 


_ 9. Students who have numerous errors 


will fail the next test and the course if the 
are not understood. 


10. The day of class is when you start 
preparing for the final exam. 


What is the most important information you learned 
from this chapter? 














How can you immediately use it? 
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Properties of Real Numbers 


Commutative Property of Addition 


If a and b are real numbers, thena + b= b +a. 


_ Associative Property of Addition 


If a, b, and c are real numbers, then 
(a+b)+c=a+ (bc). 


_ Addition Property of Zero 


If a is areal number, thena + 0=0+a =a. 


Inverse Property of Addition 
If a is a real number, then 


ma + (—a)= (—a) + a= 0. 


Multiplication Property of One 
If a is a real number, thena- 1=1-a=<a. 


Commutative Property of Multiplication 
If a and b are real numbers, thena:b =b-a. 


Associative Property of Multiplication 
If a, b, and c are real numbers, then 
(a-b)-c=a- (b-c). 

Multiplication Property of Zero 

Ifa is a real number, thena:0=0:a=0. 


Inverse Property of Multiplication 


If a is areal number and a # 0, then 
1 
a:—-=—:a=l1. 
a a 


Distributive Property 


If a, b, and c are real numbers, then 
a(b + c) =ab + ac. 


Properties of Exponents 


If m and » are integers, then 


If m and » are integers, then 
Cea — are 


If x is a real number and x # O, then 


If m and n are integers and x # 0, then 
gt 
c= x 
Xx 


mn 


If m, n, and p are integers, then 

(x az y"yP = rey, 

If 2 is a positive integer and x # 0, then 
1 1 


Properties of Equations 


Addition Property of Equations 
Ifa=b,thena+c=bte. 


Multiplication Property of Equations 
Ifa =bandc#0,thena-c=bD-c. 


Properties of Inequalities 


Addition Property of Inequalities 


Bita>b,thnat+ec>bte. 
Ifa <b,thena+c<bte. 


Multiplication Property of Inequalities 


Ifa >bandc > 0, then ac > be. 
Ifa <bandc > 0, then ac < be. 
Ifa >b andc < 0, then ac < be. 
Ifa <bandc <0, thenac > be. 


Properties of Radical Expressions 


If a and b are positive real numbers, then 


Wab = Wa + Wb and 


n 
a a 


b Vb 


A radical expression is in simplest form when: 
e the radicand has no perfect-square factors 


e no radicals appear in the denominator 
e no fractions appear in the radicand 


